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The formulation of these five different launch window modes provides a rapid means of generating realistic 
parametric data for space exploration studies Also the formulation provides vector and geometrical data sufficient for 
use as a good starting point in detail trajectory analysis based on calculus of variations, steepest descent, or parameter 
optimization program techniques 



NON-COPLAN AR ORBITAL LAUNCH GEOMETRY 


r- V — 

’ U- 

CC 

-P -O 
cj ^3 u - 
co 
^ o a. 

f if 

. — S 2 

o 


o 

c c 

03 .g 


73 co Q 
— flj T3 

S> — o 


P5 

O 


O 

o 

o « 

T3 

Cl u 


D a> 

5 CL 


p 

o 




o 

JO 


=3 

P 


<U ^ 

S: 5 


dJ 

P Cl U 
O 03 
c o ^ 

5 co c 
C 1) o3 
O 

50 J g 

-C ; 

CJ k 

C _ _ 

2 "O 

g c 

^ rf) 77 


c 

o o 


2 JP "3 


u- -a 


o 

o 


0 co -r 
P o o 

o u - 

• c ( o 

vC, aj 

1 JC CO 

O ts 

O C/2 

<0 P X 

Poo 

2 Q. >> 

c S ~ 

O >, « 

•35 s £ 

C/3 « O 

p 00 <U 

& a 00 

p 'o -C 

^ c 

co 5 2 
03 0 JH 

- g U. 
-C oJ 


3 03 


O 


03 


Cl. •- 

3 -2 

V o 
5 ~o 


u- — 

o g 

o c 1 

so p: 

_>r c 
o * — 

-4—^ 

-2 3 . 

P o » 
§ ^ 2 
O X> Q. 
o "o E 

•£ g >s 
C CO 

r co 


o co ^ 
-c g o 
H § ^ 


L3 C^J 
« CO 


^ £ 
co r-* 

03 


o 

£ - O 

« - a 

E 

O 03 
O -- 
CO CL _ 

O .3 -5 

'I ■£ >v 
_g O x> 

U 5P "O 


■° c~ 
2 o 

OJ DO 

c 3 
o 
o 


H 


&> 
c 
-£ IP 

03 <L> 

a. T3 


O JC 41 

p <- 

Sb.E 3 

-a ^ £ 

~ o3-*- 

O — g 
, co ^2 

x 
<u 


o <— 


) 


03 -a 


uT §- 

ZZ T3 
03 *g 

£ '2 
co -O 

t=r 
a 

3 

E 

co 


C T3 

« O 

X s 


V 

♦“> 

03 

L. 

c 

.£ 
* CO 
CO 
<L> 


■° o 
« u 

2 J 

Q. « 

E •£ 

^■2 

03 5 

co co ^ 

'■ c 

o £ 

00 3 


<L> 

Um 

<U 

-a 

o 

c 


o 

<u 


c 
0 
’ ^5 

DO CO 

r+ 

TO 

Op 

1 

O 

C 

‘"5 

c 

c 

_ g 

-O 

O 

<u 

QJ 

•P 

c 



O 

co 

03 

2 

0 

03 

3, 

<U 

p»p 

03 

CO 

03 

' s 

t f 

CO 


Up 

Up 

.3 

03 

C 

c 

3 

O 

3 

DO 

.p 


0 

‘ u 

JD 

p— * 

co 


^ — s 

Up, 

03 

CO 


03 

O 

C 

a> 

Up 

(N 

> 


DO 

p 

DO 

( 

Up 

C 

’ P 

<u 

P5 

O 

LS 

O 

Up 

O 

O 

Up 

U« 

O 

■c 


03 

03 

UJ 

4) 

> 

Cl 


a. 


: t 0 

Up 

-a 03 
c 

03 

o 

UJ 

X 
v 
-C 

-4— • 

c 
a> 

<u 

5 
aS 
x> 

OJ 

W DO 

£j 

So 

^ a> 

n c 


cx 

UJ co 
C/) v 

M a 

~ o 

u* p 

c2 •- 
^ JZ 
rt o 


3 

O 

? 

co 

C 

o 


t- - — ' — » 

K n ^ 
p H o 
■p lx a> 

3 J P 

u. 

CJ .P ^ 
CC.O ^ 

^ n 

DO w ^ 
w — 

4) o 

g p a - 
1) 03 <!> 

^ uj 1 ! 

Cl > DO 
03 > <U 

O O -O 
co l 

(D ^ — 


LU -2 


-a 

I O- § 
•o _ 

4) O 

■ 5 W 

a 


jC 

P 

03 

U4 


CU 

3 

H 


-C 

DO >% 
•— 03 


CO 

2 

-£ 

•C 

DO 


4> 


03 

O 

e 

D> 

-C 

u 

"O 

C 

03 

"3 

E 


= O -3 

fe w 3 

Cl >-J C 



Figure 1 . Non-Coplanar Orbital Launch Geometry 
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LAUNCH WINDOW FROM A HIGH LLLIPT1CAL ORBIT (HEO) 
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LAUNCH WINDOW FROM LOW LARTH ORBIT (LLO) 
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LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 
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SPACECRAFT MASS 3 VMMARY ! kg or 


Engine Propel! 

6.000 13.263 

6.300 9.245 


Arrive 

Engine Propel! 


Tankage 


0.600 17.312 

C . 600 23.560 


Crocs oampi.es 


o.oco o.oc: 

0.00C 0.0 oc 


DEPARTURE /ARRIVAL CONDIT 


7 Inf Decl 

! km/ s ) (deg) 

3.07510 -10.15 

2.75973 22.29 


Depart 

Rt Asc Brn Tm 
(deg) (min) 

169.52 12.564 

160.17 6.068 


Del V 
( km/s) 
0.91057 
0.97501 


V Inf 
{ km/s ) 
5 .45117 
6.81300 


Arrive 

Rt Asc 3rr. Tm 

1 deg; l min.' 

314.16 0.000 

94.03 0.300 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


-Axis Eccentricity Inclination 
VjJ (deg) 

” >239 0.219942932 1.23779 

: 94 96 0.297071017 1.55105 


Asc Node 
(deg) 

281.99267 

107.77939 


Arg Per 
(deg) 

171.36358 
232 .40005 


Departure 
True Anom 
(deg) 
8.71725 
194.26408 


Arrival 
True Anom 
(deg) 

156.81879 
307 . 54150 


Perihelion Aphelion 
( AU ) (AU) 

0.9912524 1.5345954 

0.9278682 1.6790310 


A1 t itude 
; <m) 

300.00000 

900. 00000 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRI 0 


nomination 

(deg) 

51.60000 

51.60C00 


Delta V 
( km/sec) 
0.91057 
0.91057 


Declination Rt Ascension X Dot 
(deg) (deg) (km/sec) 

-48.07349 115.71342 -0.26395 

34.12085 128.98116 -0.47318 


'( Dot 2 Dot 

!km/sec) (km/sec) 
0.54312 -0.67752 

0.58681 0. 51078 


MISSION OPERATIONS 



Earth 


Ma 

rs 


Earth 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

res days 






919.00 


O.OC 


200.00 

729.00 




20C. 00 

529 

.00 

190 . OC 


: lac Orbits .radii) 
Arc apse Distance 

12.09 


O.OC 

10.95 


C.00 

Per lapse Distance 

1.13 


0.00 

1.07 


C.00 

acecraft Distances (AU) 









0.9833 



1.0166 


Maximum Heliocentric 


1.5004 



1.6574 


I-eo centric 

0.0000 


1 . 1244 

1 . 6764 


0.0000 

re 1 ve rs 







P repulsion Type 

V 1 0 s s 


None 

Vloss 


None 

■/inf 'km/sec) 

3.03 


5.45 

2.30 


6.91 

E : f Delta -V 1 km/ sec ! 

0.91 

0.00 

0.00 

0.98 

O.OC 

0.00 

v-e. Losses (m/sec) 

12.52 


0.00 

2.97 


0.00 

f r :cei lant (kg or 1 1 

18.26 

0.00 

0.00 

9.25 

0.00 

0.00 


0.21 


0.00 

0.10 


0.00 

Thrust tics or <ibs) 

24 . 75 


0.00 

24.75 


0.00 

Spec Imp .sec) 

463.4 


0.0 

442.1 


0.0 

, ; ,‘han ^ 0 s <g or t ! 






0.00 

Sr. Stage Jettisoned 

6.0C 


0.00 

6.30 



:^bes Separated 
>ro3ra<e Separated 
; :p Mass Left 
imr-le Mass Added 



Ar r .v 


;an 


'}, 2 014, 12 . 2000 hours GMT 

Julian Date 56661.0000 


, 2016, 
Jul iar. 


16.8446 hours GMT 
:r.e 57389.2010 



Tol . 3 - Durat :-:r. 


SPACECRAFT MASS SUMMARY (kg or t) 


3 I ■ ■ - . a 1 

Engine 

Depart - 
Propel 1 

Tankage 

Engine 

Arrive - 
Propel 1 

Tankage 

Inert 

Probes 

AeroBrk 

Drcps 

Samples 

Net Mass 

>>.753 
; - . 150 

6.000 
6. 300 

19.191 

9.092 

0.000 

0.000 

0.300 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

23.558 

13 . 100 
0.000 

0.000 

0.000 

0. 000 
0.000 

6 . 2 3 C 


DEPARTURE /ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ! 

(deg) 

(deg) 

(min) 

{ km/ s) 

(m/s) 

3.09071 

-9.62 

169.14 

12.514 

0.91492 

12.491 

2 .79973 

22.27 

160.20 

5.968 

0.97492 

2.872 


Arrive 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Dei V 

( km/ s ) 

(deg) 

(deg) 

(nun ) 

( km / s 

5.45000 

-7.09 

314.19 

0.000 

0.00000 

6.81901 

15.54 

84.02 

0.000 

0.00000 


’/Loss 

’ . T 1 / S 

■2 . 20 Z 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


■ ^ 

Sem ; -Ax i s 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphel ion 




(deg) 

(deg ! 

(deg) 

(deg) 

(deg) 

(AU> 

(AU) 


1 . 1 ; '6872 

0 .220094 935 

1.21414 

282.75585 

170.60346 

9.47860 

156.84119 

0.9808766 

1.5344973 


: . 3 c:e 13*7 

0.287955829 

1.65118 

107.72949 

232.45981 

194.23112 

307.48171 

0.9276609 

1.6779664 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


A1 t i tude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

( km) 

(deg) 

(km/sec) 

(deg) 

(deg) 

( km/sec) 

1 km/sec ) 

( km/sec) 

300 . 00000 

51.60000 

0.91492 

-47.77069 

116.02540 

-0.26981 

0.55257 

-0.67746 

000 . 00000 

51.60000 

0.91492 

34 . 47833 

128 .43679 

-0.46885 

0.59077 

0. 51793 


MISSION OPERATIONS 



Earth 


Mars 


Earth 


Dep 

Helio 

Arr Dep 

Helio 

Arr 

- ^ 3 . 5 






_eca r r . . r r : ve 

0.00 


199.30 728.20 


918.20 



199.30 

529.90 

190.00 


; t/ 03b 0 : c - 1 s 'radii) 






Apoapse Distance 

12.09 


0.00 10.95 


0.00 

Periapse Distance 

1 . 13 


0.00 1.07 


0.00 

lacecraft Distances (AU) 








0.9833 


1.0166 


Maximum Heliocentric 


1.5004 


1.6574 


Geo cen trie 

0.0000 


1.1247 1.6769 


0.0000 


'aneuve r s 
Propulsion Type 
7 inf ; km i sec) 

Zit Delts-V (km/ sect 
ve 1 Losses im/sec) 
Prope 1 - 's-.- (kg or tf 
Burn tin; (hr’ 

Thrust . cs or klbs' 
Spec I r.p v sec 1 


Vloss 


None 

3.09 


5.45 

0.91 

0.00 

0.00 

12.49 


0.00 

18.19 

0.00 

0.00 

0.21 


0.00 

24 .75 


0.00 

4 63.4 


0.0 


Vloss 


None 

2.80 


6.82 

0.97 

0.00 

0.00 

2.87 


0.00 

9.09 

0.00 

0.00 

0.10 


0.00 

24.75 


0.00 

4 4 2 .1 


0.0 


-Mss Shame s i kg or t) 

Dry State Jettisoned 6.00 

Probes Separated 

AeroBr j *.-? Separated 

Drop Mai a Left 

Sample 'Mss Added 


IT. 31 
13.10 
0.00 
0.00 


0.00 

23.56 

0.00 

0.00 

0.00 


0.00 


6.30 



Ma r :> 


;A ;; 2,11, 12.0000 hours SMT 

JuL : an Date 56662 . 0'O'Otf* 

:an 1, 20 16, 19. 1008 hours SMT .vkm 

Julian Date 57389.2542 


SPACECRAFT MASS SUMMARY ikg or t 


Initial 

Engine 

Depart - 
Propell 

Tankage 

Engine 

Arrive - 
Propel 1 

Tankage 

Inert 

Drnrps A 1 ? T j3 I < 

Traps Samples 


100.837 

45.905 

6.000 

6.300 

18.520 

9.245 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.600 

0.600 

17.312 13. ICO 

23.360 0.0 CO 

0.000 0.0 00 

c.ooo c.o:: 



Leg 


DEPARTURE /ARRIVAL CONDITIONS 


Depa 

V Inf Dec! Rt Asc 

{tan/s) (deg) (deg) 

3.11432 -8.92 168.66 

2.79973 22.29 160.17 


Brn Tm Del V VLoss 

(min) (km/s) (m/s) 

12.741 0.92216 13.062 

6.068 0.97502 2.970 


V Inf Dec! 
(km/ si (deg< 
5.45214 -7.24 

6.81300 15.54 


Rt Asc Brn Tm 

(deg) Umirw 

314.24 3.0CC 

84.03 0.000 






HELIOCENTRIC 

TRANSFER 

ORBIT ELEMENTS 




eg Semi-Axis 

(AU) 

1.2574544 

1.3029496 

Eccentricity 

0.220382343 

0.287871025 

Inclmat ion 
(deg) 
1.18160 
1.65105 

Asc Node 
(deg) 

283.77331 

107.77940 

Arg Per 
(deg) 

169.59606 

232.40002 

Departure 
True Anom 
(deg) 
10.48779 
194.26409 

Arrival 
True Anom 
(deg) 

156.83292 
307 . 54150 

Perihelion 

(AU) 

0 . 9803336 
0 . 9279682 

Aphelion 
( AU ) 

1.5345751 
1 . 6780311 



LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 
( km] 

800.00000 

300.00000 


Inclination Delta V 

(deg) (km/sec) 

51.600C0 0.92216 

51.6COOO 0.92216 


Declination 

(deg) 

-47. 33333 
34 . 93604 


Rt Ascension 
(deg) 

116.49330 

127.99596 


X Dot 
( kn/ sec) 

- o . 2 7 9 8 C 

-0 .46435 


Y Dot 
•; km/ sec) 
0 . 55935 
0 .59657 


Z Dot 
km/ sec I 
-0 . 673C7 
0 . 52309 


MISSION OPERATIONS 
Mars Earth 


Dep 

"ir.es 'days! 

lepart/Amve 0.00 

T1 igr.t/Stay 1 

Esc, 'Cap Orbits (radii) 

Apoapse Distance 12.09 

Penapse Distance 1.13 

spacecraft Distances (AU! 

Minimum Heliocentric 0 

Maximum Heliocentric 1 

Seccentric 0.0000 

Maneuvers 

Propulsion Type Vioss 

7 1 nf < km/ sec ) 3.11 

Eff Oelta-V (km/sec) 0.92 

7e 1 Losses (m/sec) 13.06 

Propellant (kg or t) 19.52 

Burn time (hr! 0.21 

Thrust (lbs or klbs) 24.75 

Spec Imp (sec) 463.4 

Mass Changes : kg or t) 

Dry Stage Jettisoned 6.00 

Probes Separated 
AeroBrake Separated 
Drop Mass Left 
Sample Mass Added 


Helio Arr Dep 

Helio 

Arr 

198.30 727.25 


917.25 

90.30 529.95 

190.00 


0.00 10.95 


0.00 

0.00 1.07 


0.00 

.9833 

1.0166 


.5004 

1.6574 


1.1247 1.6764 


0.0000 



None 

Vioss 


None 


5.45 

2.80 


6.81 

0.00 

o.oo 

0.98 

0.00 

0.00 


0.00 

2.97 


0.00 

0.00 

0.00 

9.25 

0.00 

0.00 


0.00 

0.10 


0.00 


0.00 

24.75 


0.00 


0.0 

4 42 . 1 


0.0 


0.00 

6.30 

0 

.00 

17, 

.31 

23 

.56 

13. 

. 10 

0 

.00 

0, 

.00 

0 

.00 

0 

.00 

0 

.00 







PF.PF'GFWN 

' r 






vj r * 

;an 

' i * . in 

12.0000 hours CM? 
Date 56664.00 0 0 

Ma : 


; . . . an I a ^ 

;o »m : 


■ ' 't ■ 

“Mr: 

;an 

1 , 0 0 16, 
J’j L : in 

1 4.1004 hours GMT 
Date 57339.2542 

Fa r 

” 

JL'L 9 , 2.16, I n .1 1 
G.lia.t Date 

t a . 1 ; r a t . t r. 4 . 






SPACECRAFT MASS 

SUMMARY { 

kg or t! 




n 1 1 : a 1 

Engine 

Depart -- 
Propel. 1 

Tan kage 

Engine Propell 

Tar.K.age 

Inert 

Protes AeroBrk 

Drops Samples 

NetM.ass 

;; .007 
45 . 305 

6.0CC 

6.3CG 

13.8 00 
9.245 

0.000 

0.000 

0.000 0.000 

0.000 0.000 

0.000 

0.000 

0.600 

0.600 

17.312 13.130 

23.560 0.000 

0.000 0.000 
o.ooo 

6.::: 





departure/arr: 

VAL CONDI 

TIONS 





Depart 


V Inf 

Decl 

Rt ASC 

Brn Tm 

Del V 

VLoss 

( km/s j 

(deg) 

(deg) 

(min) 

( km/s ) 

(m/s > 

. 1697 9 

-7.60 

167 . 66 

12 . 995 

0.93882 

13.868 

.7 997 3 

22.29 

160.17 

6.068 

0.97502 

2.970 


V Inf 
( km/s) 
5.45048 
6.81300 


Arrive 

Decl At As c Brn Tm 
(deg) (deg I (min) 
-7.51 314.30 0.000 
15.54 84.03 0.000 


Del V 


( km/ s . 
0 .000 GO 

o . 00000 



HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi -Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

Departure 
True Anom 

Ar r i va 1 
True Ancm 

Perihelion 

Aphelion 

{ a rj ) 

(deg) 

( deg ) 

(deg) 

(deg) 

(deg) 

(AU ) 

(AU) 

1.2566927 

0 . 220917529 

1 . 12652 

285.80874 

167.53580 

12.55104 

156.91190 

0.9790672 

1.5343101 

1 . 3029497 

0 . 28 7 8n033 

1.65105 

107.77940 

232.39999 

194 .26409 

307.54151 

0.9278682 

1 . 6780312 


Per 
(days 
514.56714 
54 3 . 23~6? 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


A1 t i tude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

( km) 

(deg( 

{ km/sec) 

(deg) 

!deg) 

( km/ sec) 

( km/ sec) 

( km/ sec ) 

SCO . OCOOO 

51.60000 

0.93882 

-46.42066 

117.32931 

-0.29712 

0. 574 94 

- 0 . 68010 

800.00000 

51.60000 

0.93882 

35.71852 

126. 84909 

-0.45711 

0 . 60994 

0 .54809 


MISSION OPERATIONS 


. e 3 3 a y s 1 

0 e c a r t /' A r r i ve 
r _ i g n t 3 1 a y 

? r Gap Orci t s { radii ; 
Accapse Distance 
Penapse Distance 

pacecraft Distances (AU) 
Minimum Heliocentric 
Maximum Heliocentric 
Geocentric 

3 neu ve rs 
Propulsion Type 
Vmf ! km/ sec) 

Delta -v ; km/ sec) 

Vel Losses ( mi seel 
Propellant i kg or t ) 
^urn time {hr! 

Thrust i lbs or k lbs : 

7 p e c Imp (sec! 

t - ; nances (kg or 1 1 
r y Stage Jettisoned 
Prices Separated 
AercBrake Separated 
Drop Mass Left 
Pimple Mass Added 


Ea r t it 

Mars 



Earth 

Dep 

Hello Arr 

Dep 

Hei to 

Arr 

0 .00 

196.40 7 

25.25 


915.25 


196.40 523.35 


190. 0C 


12.09 

0.00 

10.95 


0.00 

1. 13 

0.00 

1.07 


0.00 


0.9833 


1.0166 



1.5002 


1.6574 


0.0000 

1.1253 1 

. 6764 


0.0000 

VI OSS 

None 

Vloss 


None 

3.17 

5.45 

2.90 


6.81 

0.94 

0.00 0.00 

0.98 

0.00 

0.00 

13 . 3^ 

0.00 

2 . 97 


0.00 

13.39 

0.30 0.00 

9.25 

0.00 

0.00 

0.22 

0.00 

0.10 


0.00 

24.75 

0.00 

24.75 


0.00 

4 63 . 4 

0.0 

4 4 2.1 


0.0 

6.00 

0.00 

6.30 


0.00 


17.31 



23.56 


13.10 



0.00 


0.00 



0.00 


0.00 



0.00 



L ’/•' 


' : K? FCPMAh 


2014, 12.0000 hours GMT 

Julian Sal® 56666. 00 CO 


;a:; .]Ji 6 , m.cvo nours gmt 

,'u ; : -in Date 67 369.25 12 


SPACECRAFT MASS SUMMARY (kg or t> 


depart Arrive 


Initial 

Engine Prcpe^l 

Tankage 

Engine 

Propel 1 

Tankage 

Inert 

Prcces 

101.664 
45. 9C5 

6.000 19.347 

6.300 9.245 

0 . 000 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.6C0 

0.600 

17.311 

23.560 



DEPARTURE /ARRIVAL CONDITIONS 


V Inf Dec 1 
I km/s) (deg; 
3.23659 -6.35 

2.79973 22.29 


Depart 

Rt Asc Brn Tm 
!deg; (min) 

166.70 13.310 

160.17 6.068 


Del V VLoss 

(km/s) (m/s) 

0.95928 14.908 

0.97502 2.97C 


V Inf Dec! 
(km/s) (deg, 
5.44861 - 7.77 

6.81300 15.54 


Rt Asc Brn Tm 

; deg mm) 

314.32 0.0 0C 

3 4.03 0.000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi -Axis 

Eccentricity 

Incl ination 

Asc Node 

Arg Per 

; au ) 

1 .2557727 

0.221544971 

(deg) 

1.07760 

(deg) 

287.64439 

(deg) 

165.44233 

1 . 30294 97 

0.287071042 

1.65105 

107.7794 1 

232.39996 


Departure 
True Anom 
(deg) 

14 . 64717 
194.26409 


Arrival 
True An cm 
(deg ) 

157.02385 
307 . 54 152 


Perihelion Aphelion 
(AU) { AU ) 

0.9775625 1.533982 8 

0.9278632 1.6780312 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

( km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

< km/ sec) 

; km/ sec ) 

1 km/ sec ! 

800.00000 

51.60000 

0.95928 

-45.44157 

118 . 16170 

-0.31766 

0.59339 

-0.68352 

300. OOOCC 

51 . 60000 

0.95929 

36.36177 

125 . 93619 

- 0 . 4533V 

0. 6254 7 

0 . 5 69 "4 





MISSION OPERATIONS 


Earth 

Deo 

Hei io 

Mars 

Arr Dep 

Earth 

Helio Arr 

mes (days! 

C eoa r t / Arr ive 

0.00 


194.50 723.25 

913.25 

Flight /Stay 


194 . 50 

529.75 

190.00 


• r Cap Orbits i radii ) 


Apoapse Distance 

12.09 

0.00 


10.95 

0.00 

Penapse Distance 

1.13 

0.00 


1.07 

0.00 

lacecraft Distances (AU) 






Minimum Heliocentric 


0.9934 



1.0166 

Maximum Heliocentric 


1.5001 



1.6574 

Ceocent r ic 

0 . 000c 

1.1260 


1.6764 

0.0000 

ir.euvers 






Propulsion Type 

Vioss 

None 


Vioss 

None 

Vinf (km/ sec) 

3.24 

5.45 


2.80 

6.81 

Eff Delta-V (km/sec) 

0.96 

0.00 0.00 


0.98 

0.00 0.00 

Vei Losses (m/sec) 

14 .91 

0.00 


2.97 

0.00 

Propellant (kg or t? 

19.35 

0.00 0.00 


9.25 

0.00 0.00 

3urn time .. hrl 

0.22 

0.00 


0.10 

0.00 

Thrust (lbs or klbs) 

2 4 . T 5 

0.00 


24.75 

0.00 

Spec Imp (sec) 

4 63.4 

0.0 


4 42.1 

0.0 

1 3 s Changes i kg or t) 






Dry Stage Jettisoned 

6.00 

0.00 


6.30 

0.00 

Probes Separated 



17.31 


23.56 

AeroBrake Separated 



13.10 


0.00 

Drop Mass Left 



0.00 


0.00 

Dimple Mass Added 



0.00 


0.00 



Mu r 


i ' ; 


;liu r. Cut 






; ; . . i r ' i t e 



SPACECRAFT MASS SUMMARY i kg or 


Initial 

Engine 

Prcpe 1 1 

Tankage 

Engine 

Prope 1 1 

Tannage 

Inert 

Prunes 

A.e r 1 2 r < 

Drees 3 a m c . e : 

‘ • e t M 3 : 

102.212 

45.905 

6.000 

6.300 

19.395 

9.245 

0.000 

0.000 

0 . 000 
0.000 

0.000 

0.000 

0.000 

0.000 

0.600 

0.600 

17.312 

23.560 

13 . IOC 
0.000 

o.ooo o .::: 

0 . 00C 0.300 

; I ■) 


DEPARTURE /ARRIVAL CONDITIONS 


j > -7 7 Inf 

Dec! 

Rt Asc 

parr 

Brn Tm 

Del V 

'/LOSS 

V Inf 

Dec* 

Rt Asc 

am Tm 

De . V 

VLcs 

( km / s ! 

tdeg ; 

(deg) 

[min ) 

{ km/ s ) 

(m/s) 

( km/ s ) 

! deg , 

• deg : 

[mm! 

■cm.- s 

s 

1 3.31449 

-5 . 19 

165.79 

13.687 

0.98372 

16.223 

5.44649 

-a .02 

314.31 

0.000 

0 . 0 0 0 Z 0 


: 2.79973 

22.29 

160.17 

6.068 

0.97502 

2.970 

6.91300 

15.54 

9 4.03 

0. 000 

O' . 0 0 C \y ! J 

" ‘ J w 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi -Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

;AU) 


(deg) 

(deg) 

(deg ) 

1.2546882 

0.222271418 

1.03452 

289.96018 

163.31543 

1 . 30294 99 

0.297871051 

1 . 65105 

107 . 77942 

232.39993 


Departure 
True Anom 
(deg) 
16.77637 
194.26410 


Arrival 
True Anom 
(deg) 

157 . 16907 
307 . 54152 


Per the lion 
(All) 

0 . 9758068 
0 . 9270682 


Aphelion 

(AC) 

1.5335695 
1. 670C313 



Ait i rude 
( km i 

3 : c . cocao 

90C . 00000 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

y Dec 

Z DC t 

(deg ; 

[ km/ sec; 

( deg ; 

(deg) 

( km/ sec i 

! km/ sec) 

; km / sec) 

51 . 60000 

0. 983^2 

-44.40399 

119.99913 

-C .34071 

0.61460 

-0 . 68932 

51 . 6 0 C 0 0 

0 . 98372 

36.87292 

125. 17965 

-0 .45339 

0 . 64322 

0 . 59027 


MISSION OPERATIONS 



Earth 


Mars 


Earth 


Dec 

Hello 

Arr 

Dep Hello 

Arr 

**es 7ays 

0.00 


192.60 

721 . 25 

911.25 

FI igr.t/Stay 


192 . 60 

528.65 

190.00 


: O 30 Orbits : radii i 






Ac: apse Distance 

12.09 


0.00 

10.95 

0.00 

Penapse Distance 

1.13 


0.00 

1.07 

0.00 

1 ^u ra f t Distances (AU) 








0 . 9834 


1.0166 


Maximum Heliocentric 


1 . 5000 


1 . 6574 


Descent r ic 

0.0000 


1 . 1266 

1 . 6764 

0.0000 

me avers 






Propulsion Type 

Vloss 


None 

Vloss 

None 


3.31 


5.45 

2.80 

6.81 

Eff Delta-V (km/ sec) 

0.99 

0.00 

0.00 

0.98 0.00 

0.00 

Vel Losses (m/sec' 

16.22 


0.00 

2.97 

0.00 

/ tree 1 1 ant kg or t) 

19.39 

0.00 

0.00 

9.25 0.00 

0.00 

' ■ , r n t * m e An r 1 

0.23 


0.00 

0.10 

0.00 

7 .trust lbs or <lbs: 

24.75 


0.00 

24.75 

0.00 

Cued Imp i see- 

4 63.4 


0.0 

4 42.1 

0 . 0 

ms Changes (kg or t) 






Cry Stage Jettisoned 

6.00 


0.00 

6.30 

0.00 

Probes Separated 



17.31 


23 . 56 

.AeroBrake Separated 



13.10 


0 . 00 

Prop Mass Left 



0.00 


0.00 

Simple Mass Added 



0.00 


0.00 



1 • • 


epa r * 


per fdp.manck 



D j r t r. 

A' < .... 1 . 

. 'a L l an 

11.', DCD nours DMT 
Da*, e 5 66?0.00 0 1 ! 

Mi : ' i 


... - , 

.3' 1'ite 



Mara 

;AN 1, .70:6, 

;*j 1 ian 

L-.O >90 nours GMT 
Date 57389.2541 

Ea r h 


,”J L > , 2 ) 

; an 0 a te 





SPACECRAFT MASS 3 

GMMAP Y ikg 

or t '• 




.eg Initial 

£ r; ^ i r. <2 

Depa r t 

Propell Tankage 

Arrive -- 

Engine Propell 

Tankage 

I ne rt 

P r o c e s 

AercBrk 

Drops Samples 

; 102.959 

2 45.905 

6.000 

6.300 

20.542 0.000 

9.245 0.000 

D.900 0.0C0 

0.000 0.000 

0.000 

0.000 

0 . 6C0 
0.600 

17.312 

23.560 

13 . 1D0 
0 . 0 C 0 

o.ooo o.od: 

o.ooo o.:v: 


DEPARTURE/ ARRIVAL CONDITIONS 


V Inf 
1 km/s ) 
3.40356 
2.79973 


DecI 
(deg) 
-4 . 10 
22.29 


Depart 


Rt Asc 
(deg) 
164 . 99 
160.17 


Brn Tm 
(min) 
14 . 132 
6.068 


Del V 
( km/ s ) 
1.01242 
0.97502 


VLoss 
(m/s ) 
17.972 
2.970 


V Inf 
{ km/s ) 
5.45055 
6.91300 


Dec- 
( deg i 
-9.27 
15.54 


Arrive 

Rt Asc 9rn Tm 
(mini 
0.000 
0.000 


(deg) 

314.28 

84.03 


o.occoc 

o.ooccc 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi -Ax is 
(AU> 

1.2536313 
1 . 30294 99 


Eccentricity 


0.223211351 
C. 297871059 


Inclination 

(deg) 

0.99241 

1.65105 


Asc Node 
(deg) 

291.91572 

107.77943 


Arg Per 
(deg) 

161.17944 

232.39990 


Depa rture 
True Axiom 
(deg) 
18.91564 
194.26411 


Arrival 
True Anom 
(deg) 

157.27082 

307.54153 


Perihelion 

(AU) 

0.9738065 

0.9279683 


Aphelion 

(A r J) 

1.5334560 

1.6780313 


512. 689:: 


Altitude 
! km! 

800.00000 

800.00000 


LAUNCH DELTA V ORIENTATION - PLANETCCENTRIC 


Inclination 
(deg > 
51.60000 
51.60000 


Delta V 
( km/sec) 
1.01242 
1.01242 


Declination 

(deg) 

-43.30342 

37.27075 


Rt Ascension 
(deg) 

119.91316 
124 . 63584 


X Dot 
( km/ sec ! 
-0.36742 
-0.45791 


Y Dot 
( km/sec) 
0 .63962 
0 . 66299 


Z Dot 
< km/sec t 
-0.69438 
0.61310 


MISSION OPERATIONS 


.mes (days) 
Depart /Arrive 
FLight/Stay 


Earth 

Dep 


0. 00 


Helio 


Arr 

190.60 


190.60 


Dep 

719.25 


528.65 


Earth 

Helio Arr 


909.25 


190.00 


5 c Cap Orbits ■. rad~ i 1 
Apoapse Distance 12.09 

Penapse Distance 1.13 


0.00 

0.00 


10.95 

1.07 


0.00 

0.00 


Spacecraft Distances (AU) 
Minimum Heliocentric 
Maximum Heliocentric 
Geocentric 

Mar.euve rs 

Propulsion Type 
7 inf (km/sec’ 

Eff Delta-V . km/sec' 

7e L Lasses (m/sec) 
Propellant ! kg or t) 
3urn time (hr) 

Thrust (lbs or klbs) 
Spec Imp (sec! 

Mass Changes i kg or t! 

Dry Stage Jettisoned 
Probes Separated 
AeroBrake Separated 
Drop Mass Left 
Sample Mass Added 


0.9835 

1.5000 


1.0166 

1.6574 


0.0000 


Vloss 
3.40 
1.01 
I V 8 7 
20 . 54 
0.24 
24.75 
4 63 . 4 


6.00 



1.1266 

1.6764 



None 

Vloss 



5.45 

2.80 


0.00 

0.00 

0.98 

0.00 


0.00 

2 97 


0.00 

0.00 

9,25 

0.00 


0.00 

0. 10 



0.00 

24.75 



0.0 

4 42.1 



0.00 

6.30 



17.31 

13.10 

0.00 

0.00 


0.0000 


None 

6.81 

0.00 

0.00 

0.00 

0.00 

0.00 

0.0 


0.00 

23.56 

0.00 

0.00 

0.00 



Mars 


20 11, 12 . 0000 hours GMT 

Julian Date 5 667 1 . 0000 



2016, 1 8.3933 hours GMT Ear*:r'i 

Julian Date 5738?. 254 1 



SPACECRAFT MASS SUMMARY (kg or ti 



Engine 

Depart - 
? rope 1 1 

Tankage 

Engine 

Arrive - 
Propell 

Tankage 

Inert 

Prcces 

Ae rcBr < 

Drops Samples 


103.222 
2 45.9C5 

6.000 

6.300 

20.304 

9.245 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.600 

0.600 

17.312 

23.560 

13.100 

I.0CC 

o.ooo 

o.ooc C.30-: 

' \ ‘ 2 i 


DEPARTURE /ARRIVAL CONDITIONS 


Depart 


V Inf 

Dec! 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/ s ) 

(deg) 

(deg) 

(min) 

{ km/s) 

(m/s) 

3.45207 

-3.59 

164.61 

14 . 381 

1.02839 

18.342 

2.79974 

22.29 

160.17 

6.069 

0.97502 

2.970 


V Inf 
( km/ s ) 
S. 45253 
6.81300 


Arrive 

Decl Rt Asc 3rn Tm 
(deg: (deg) (min) 
-8.40 314.25 0.000 
15.54 34.03 0.000 


( km / s . 
0 . 0 0000 
o.oooco 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


- 

Semi -Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 


(AU) 


(deg) 

(deg) 

(deg) 


1.2530376 

0.223722760 

0.97306 

292.93350 

160.09755 


1 . 3029493 

0.207971064 

1 . 65105 

107.77943 

232.39989 


Departure 
True Anom 
(deg) 
19.99753 
194 .264 11 


Arriva 1 
True Ancm 
( deg ; 

157 .33408 
307 . 54 153 


Perihelion 

;au; 

0 . 9727046 
0 . 9278693 


Aphelion 
! AU 

1 . 533370" 
1 . 679C314 


cays 


LAUNCH DELTA V ORIENTATION - PLANETOCENTR I C 


Altitude 

(km) 

900.00000 

900.00000 


Inclination Delta V 

(deg) (km/sec) 

51.60000 1.02839 

51.60000 1.02839 


Declination 

(deg) 

-42.73784 

37.42331 


Rt Ascension X Dot 
(deg) (km/sec) 

120.37302 -0.38191 

124.43079 -0.46173 


Y Dot 
■; km/ sec) 
2.65165 
2 . 67363 


Z Dot 
[ km/ sec ; 
-0 . 69791 
0.62495 


MISSION OPERATIONS 



Earth 



Mars 



Earth 


Dep 

Hel io 

Arr 


Dep 

Helio 

Arr 

' imes :days: 








Depart/Arrive 

0.00 


189.60 


719.25 


908.25 

FI ignt/Stay 


189.60 

5 

23.65 


190.00 


: s Cap Orbits ( radii ) 








Apoapse Distance 

12.09 


0.00 


10.95 


0.00 

Per lapse Distance 

1.13 


0.00 


1.07 


0.00 

pacecraft Distances (AU) 








Minimum Heliocentric 


0. 9935 




1.0166 


Maximum Heliocentric 


1.5000 




1.6574 


Seccentric 

0.0000 


1.1266 


1.6764 


0.0000 

! aneuvers 








Propulsion Type 

Vloss 


None 


Vloss 


None 

7 1 n f ( km / s e c I 

3.45 


5.45 


2.80 


6.81 

Erf Oelta-V (km/ sec) 

1.03 

0.00 

0.00 


0.98 

0.00 

0.00 

/el Losses (m/sec! 

19.9 4 


0.00 


2.97 


0.00 

Propellant (kg or t) 

20.90 

0.00 

0.00 


9.25 

0.00 

0.00 

3urn time (hr) 

0.24 


0.00 


0.10 


0.00 

Thrust (lbs or kibs) 

24.75 


0.00 


24.75 


0.00 

Spec Imp (sec) 

463 . 4 


0.0 


4 42 . 1 


0.0 

ia ss Changes (kg or t) 








Dry Stage Jettisoned 

6.00 


0.00 


6.30 


0.00 

Probes Separated 




17.31 



23.56 

AeroBrake Separated 




13.10 



0.00 

Drop Mass Left 




0.00 



0.00 

Sample Mass Added 




0.00 



0.00 



. 1 . . no 1 ; r s CMT 

. ir '. j*." ’2 . r;::o 


Hn r.uurc 3MT 




3 PACE CRAFT MACS SUMMARY { kg or t j 


103 . 608 
46 . 505 


Depart 

Propell Tankage 


6.000 21.291 

6.300 9.245 


Arrive 

;ine Propell Tankage 


0.000 

0.000 


0.000 

0.000 


0.000 

0.000 


0.000 

0.000 


Prices Aerc3r< 


0.600 10.312 

0.600 23.560 


100 0.000 

000 O.jCO 


DEPARTURE /ARRIVAL CONDITIONS 


V Inf 
I km/ s ) 
3 . 50239 
2.79974 


Dec! 
! deg] 
-3.10 
22.29 


Rt Asc 
! deg] 
164.21 
160.17 


Brn Tm 
(min) 
14.649 
6.066 


Del V 
( km/s ) 
1.04539 
0.97502 


VLOSS 
( m/s } 
19.915 
2.970 


V Inf 
( km/s ) 
5.4 4 795 
6.81300 


Dec! 

(deg) 

-9.51 

15.54 


Rt Asc 
■: deg] 
314.20 
34.03 


ve 


8rr. Tm 
(mm ) 
0.000 
0.000 


( km/ s . 

0. 0CGC0 
0.00000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi -Ax i s 

; AC ; 

1 .2521999 
1 . 302 94 93 


eccentricity 


0.224156024 

0.297971063 


Inclination 

(deg) 

0. 95804 
1 . 65105 


Asc Node 
•deg) 

293.95159 
107.7794 4 


Arg Per 
(deg) 

158.98470 
232 .39987 


Departure 
True Anom 
(deg) 
21.11096 
194 .26411 


Arrival 
True Ancm 
( deg ) 

157.4827^ 

307.54154 


Perihelion 

(AU) 

0 . 9715107 
0.9273683 


Aphelion 
; AU: 

1 . 53 293 3 9 
1 . 6 7 8 C 3 1 4 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 

Altitude Inclination Delta V Declination Rt Ascension X Dot Y Dot 2 Dot 

ffcnj [deg; [ km/sec) (deg) (deg) (km/sec! ; ten/ sec) (km/sec) 

300 . 30000 51 . 60000 1.04539 -42.17536 120.77749 -0.39643 0.66562 -0.70198 

900.30000 51.60000 1.04539 37.53574 124.22976 -0.46630 0.63538 C. 63691 


MISSION OPERATIONS 



Earth 


Ma 

rs 


Earth 


Dep 

He! 1 C 

Arr 

Dep 

Hel io 

Arr 

. ~es CaVS • 







Sec art Ar r : ve 

0.00 


188 . 70 

717.25 


907.25 

Client Stay 


183 . 70 

5 23 

.55 

190.00 


:■ Cao Dibits ; radii : 







Aocaose Distance 

12.09 


0.00 

10.95 


0.00 

Penapse Distance 

1 . 13 


0.00 

1.07 


0.00 








Minimum Heliocentric 


0.9836 



1.0166 


Maximum Heliocentric 


1.4999 



1.6574 


Geocentric 

0.0000 


1.1273 

1.6764 


0.0000 

reivers 







Propulsion Type 

’/loss 


None 

Vloss 


None 

7. of ■’ <m/sec.' 

3.50 


5.45 

2.80 


6.91 

: t De 1 1 a - V ; km / sec) 

1.05 

0.00 

0.00 

0.98 

0.00 

0.00 

/:! Losses i m/sec ! 

19.91 


0.00 

2 . 97 


0.00 

Jr -jpellant 'kg or t’ 

21.29 

0.00 

0.00 

9.25 

0.00 

0.00 

:: : rn t ime : hr ) 

0.24 


0.00 

0.10 


0.00 

Thrust libs or klbs‘ 

24 .75 


0.00 

24.75 


0.30 

? per Imp (sec': 

4 63.4 


0.0 

442.1 


0.0 


-..i.'. Changes i kg or t; 

: ry Stage Jettisoned 
: r cces Sepa rated 
rcBrske Separated 
: -r Mass Left 
'j.-pLe Mass Added 


17.31 

13.10 

0.00 

0.00 


0.00 
23.56 
0.00 
0.00 
0 .00 


6.00 


0.00 


6.30 



■/o 


; . ; . j:i Cite 6 6 ■■ 

, C J lb, L -i . 1 'i 0 L r.cj r s ' jMT 
Julian Cate 5 7 389 . 23 4 1 



G ? AC E C ?A FT MASS 3 SMMAR V J <q or t,. 


34.4 6 9 6.000 

45.935 6.300 


Depart 

Prope.l Tankage 

22.152 0.000 

9.245 0.000 


Engine Propel! 

0.000 0.000 

0.000 0.000 


Tankage Inert 

0.000 0.600 

0.000 0.600 


Prcces AercBr < 

17.312 13.100 

23.560 0.000 


2 reps Samples 

0.000 0.000 

0.000 0.000 


CE PASTURE /ARRIVAL. CONDITIONS 


Depart 



V Inf 

Dec! 

Rt Asc 

Srn Tm 

Del V 

VLoss 


' km / s ) 

(deg) 

(deg) 

(mm) 

(km/s) 

(m/s) 


3.61254 

-2.19 

163.51 

15.240 

1.08299 

22.447 

: 

2.799'4 

22.29 

160.17 

6.068 

0.97502 

2.970 


V Inf Dec* 
(km/s) Ideg: 
5.44513 -9.74 

6.91300 15.54 


Arrive 

Rt Asc Sr n ?m 

; peg ) (mini 

314.38 0.000 

34.33 0.000 


De * V 
i km/ s • 
0 .00003 
0 .00000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi -Ax* s 
; All ) 

1 . 2505949 
I . 3029499 


Eccentricity 

0.225224555 

0 . 297071077 


Inclination 

(deg) 

0.92720 

1.65105 


Asc Node 
(deg) 

295.99738 

107.77944 


Arg Per 
(deg) 

156.75754 

232.39994 


Departure 
True Anom 
(deg) 
23.33931 
194.26412 


Arrival 
True Anom 
(deg) 

157.72921 
307 . 54154 


Perihelion 

(AUJ 

0.9689225 

0.9270683 


Aphei ion 
(AU) 

1.5322473 

1.6700315 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Ai t itude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

{ icn j 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/ sec) 

902 . 3 COCO 

51.60000 

1.08299 

-41.01428 

121 . 66776 

-0 . 429C1 

8CQ . 30000 

51.60000 

1.08299 

37 . 68913 

124.01133 

-0. 47939 


Y Dot 
; km/ sec i 
3.59550 
0 .71041 


2 Dot 
( km/ sec :■ 
-0.71071 
0. 66210 



Earth 



Dep 

Hel 10 

- - j days 

v* 3 

3.00 


”1- :r.t / Stay 


106.30 

- 0 — -- - a d 1 : 

Act apse Distance 

12.09 


: er*apse Distance 

1.13 


i-^craft Distances (AU) 



0.9837 

Maximum He*iccentric 


1.4997 

3e scent ric 

0.0000 


neuvers 

Propulsion Type 

Vloss 


Vmf (km/ sec! 

3.61 


- : : celta-v i km/ sec! 

1.38 

0.00 

.‘■ 3 _ Losses m/sec 

22.45 


:• - one 1 * ant <0 c r t 1 

2 2.15 

0.00 

j : .n time ..hr' 

0.25 


- - ;ost (ins or k 1 0 s 1 

2 4.75 


r e 0 Imp .sec' 

463.4 


.s In anges <c or t' 

. : y Stage Jettisoned 
p rones Separated 
AecsBrake Separated 
Crop Mass Left 
' im c 1 e Mas s Added 

6.00 



MISSION OPERATIONS 


Mars 


Earth 

Arr 

Dep 

He! 10 

Arr 

106.80 

715.25 


905.25 

529 . 45 

190.00 


0.00 

10.95 


0.00 

0.00 

1.07 

1.0166 

1.6574 

0.00 

1.1279 

1.6764 


0.0000 


None 

Vloss 


None 

5.45 

2.90 


6.81 

0.00 

0.98 

0.00 

0.00 

0.00 

2.97 


0.00 

0.00 

9.25 

0.30 

0.00 

0.03 

0.10 


0.00 

0 . 0 c 

24.75 


0.00 

0.0 

442 . 1 


0.0 


0.00 6.30 

0.00 

17.31 

23.56 

13.10 

0.00 

0.00 

0.00 

0.00 

0.00 



Jjliin D i t e 667 d . 0000 0 i ' e 



3 PAD ED RAFT MASS SUMMARY ! kg or t; 


Depart - 
Propel I 

Tankage 

Arrive 

Engine Propel 1 Tankage 

Inert 

Prcces AeroBrc 

Drops Samples :( 

et.Mass 

23.13 7 
9.24 5 

0.000 

0.000 

D.00C 0.000 0.000 

:.ooo o.ooo o.ooo 

0.600 

0.600 

17.312 13.100 

22.560 3.000 

0 . 00 0 - . . . . 







DEPARTURE ZAP. RIVAL CONDI 

TIONS 






Depart Arrive 


j . •/ r ^ f 

Dec! 

Rt Asc 

Brn Tm 

De 1 V 

VLoss 

V Inf 

De c 1 

Rt Asc 

3rn Tm 

Del V 

v L : s s 

r km / s ) 

(deg: 

(deg) 

(rain) 

( km/s ) 

(m/s) 

( km/s ) 

(deg, 

^ p ^ ; 

i mm ; 

i km / s . 

~ 5 

3. "3250 

-1 . 35 

162.93 

15.917 

1.12562 

25.594 

5.44872 

-a . 99 

312 . 94 

0 . DOC 

0 . C 0 0 0 3 


2 2A39'4 

22.29 

160.17 

6.068 

0.97502 

2 . 970 

6.81300 

15.54 

84 . 03 

O.OOO 

0 .000 33 



HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


iccentricity 

Inclination 

Asc Node Arg Per 

Depa rture 
True Anom 

Am va 1 
True Ancm 

Perihelion 

Aphel ion 

Do »* > 


(deg) 

(deg) (deg) 

(deg) 

(deg) 

(AU) 

( AU I 

days 

0.226526914 

0.89649 

298.02269 154.52121 

25.57676 

157.92946 

0.9660531 

1.5319034 

530.32^6 

0.287871095 

1 . 65105 

107.77945 232.39982 

194 .26412 

307 . 54155 

0.9278683 

1 . 6790315 

A 

A/ 


LAUNCH DELTA V ORIENTATION 

- PLANETOC: 

■NTRIC 




Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

2 Dot 

! kmj 

(deg) 

( km/sec) 

(deg) 

(deg) 

( Jon/ sec: 

[ ter./ sec J 

( ten/ sec ' 

800.00000 

51 . 60000 

1.12562 

-39.81821 

122.63855 

-0.46629 

0. '2904 

-0.72079 

800 . OOCOO 

51 . 60000 

1.12562 

37.74105 

124.01881 

-0.49799 

0.-3777 

0 .66900 


I, i C 0<O No 5 - L &5frT 

MISSION OPERATIONS 



Earth 

Mars 

Earth 

. ~ “r 1 3 is V 5 i 

Dep 

Hello Arr Dep 

Helio Arr 


0.00 

184.30 713.25 

9C3 .25 

' * * r " ~ ~ 3; 


134.30 523.45 

190.30 

•ci-apse Distance 

12.09 

0.0C 10.95 

0.00 

Per lapse D 1 st 3 n.ce 

1 . 13 

0.00 1.07 

0.30 




0.9839 

1.0166 

Maximum Heliocentric 


1.4997 

1.6574 

Oeocent ric 

0.0000 

1.1279 1.6764 

0.0000 



mpulsim Type 
mf ( km/ sec : 

: f Delta-’.’ .ten. sec: 
el Losses . msec: 
r.pellar.t : kg or t, 

r rush (lbs or klbs) 
*-*-*•- * T P 


VI OSS 


None 

3.73 


5.45 

1 . 13 

0.00 

0.00 

25.59 


0.00 

23.14 

0.00 

0.00 

0.27 


0.00 

24.75 


0.00 

4 63.4 


0.0 


VI oss 


None 

2.80 


6.81 

0.99 

0.00 

0.00 

2 . 97 


0.00 

9.25 

0.00 

0.00 

0.10 


0.00 

24 . 75 


0.00 

4 42.1 


0.0 


t V - f 3 6 Jr’ 1 ‘ > ‘ 


i ■■ j 3hanges . <g or t' 
~ry Stage Jettisoned 
“ robes Separated 
AeroBrake Separated 
"rep Mass Lett 
D.impLe Mass Added 


1 7 . 3 I 
13.10 
0.00 
0.00 


0.00 

23.56 

0.00 

0.00 

0.00 


6.00 


0.0C 


6.30 



SUMMARY 


PERFORMANCE 


Stay T.ne 

Depart 




Arrive 



rlijht Tine 

: -ays , 







(Pays i 


Earth 

JAN 

20, 20*4, 

12.0000 hours GMT 

Mars 

JUL 22, 2014, 

9.6000 hours GMT 

| 192.5COo3 




Ju 1 ian 

Date | 56678.0000 \ 


Ju 1 ian 

Date 56860. 9C0C 


, ; - . - 

Ma r s 

JAN 

1 , 2 216, 

18.0971 hours GMT 

Earth 

JUL 9, 2016, 

18.0971 hours SMT 





Julian 

Date 57389.2540 


Julian 

Date 57579.2540 



Total Duration 901.2540 

SPACECRAFT MASS SUMMARY (kg or t) 


.eg 

Ini 1 1 a 1 

Engine 

Depart - 
Propel 1 

Tankage 

Engine 

Arrive - 
Propel 1 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples NetMass 


106.569 

6.000 

24.251 

0.000 

0.000 

0.000 

0.000 

0.600 

17.312 

13.100 

0.000 

0.000 

45.305 

2 

45.905 

6.300 

9.245 

0.000 

0.000 

0.000 

0.000 

0.600 

23.560 

0.000 

0.000 

0.000 

6 . 2 0 0 


DEPARTURE /ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg ) 

(min) 

(km/s) 

(m/s) 

( km/s) 

(deg) 

(deg ) 

(min ) 

( km/ s ) 

(m/s. 

3.86198 

-0.59 

162.40 

16.684 

1 . 17341 

29.494 

5.44568 

-9.22 

313.76 

0.000 

0.00000 

-s -I o * 

2.79974 

22.29 

160.17 

6.068 

0.97502 

2 . 970 

\ 6.81300) 

15.54 

84.03 

0.000 

0.00000 

: .cc: 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 



Semi-Axis Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 


(AU) 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

(days; 


1.2469806 0.227864616 

0.87164 

300.05809 

152.22833 

27.87007 

158.24099 

0.9628379 

1.5311234 

509.61362 

: 

1.3C295GC 0.287871094 

1.65105 

107.77946 

232.39979 

194.26413 

307.54156 

0.9278683 

1.6780316 

54 3 . 23“ 9 6 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

( km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/sec) 

{ km/sec) 

( km/ sec) 

300.00000 

51.60000 

1 . 17341 

-38.61558 

123.59062 

-0.50725 

0.76374 

-0.73231 

800.00000 

51 . 60000 

1 . 17341 

37 . 68590 

124.17185 

-0.52158 

0.76829 

0.71734 



/ * ? • ' 

f A to C~i L&JZC5 







MISSION OPERATIONS 


- -i - ; 



Earth 

Mars 

Dep Helio 

Earth 


7 / if 

- _ “} ! 


Dep Helio 

Arr 

Arr 




~ trre 3 Pays 







i , 2 2; 

Decs r t/Ar rive 

0 . DO 

132.90 7 

11.25 

901.25 


— 

Flight /Stay 

182 . 90 

523.35 

190.00 



** ; 


Esc Cao Orbits .radii) 








Apoacse Distance 

12.09 

0.00 

10.95 

0.00 


r 


Penapse Distance 

1.13 

0.00 

1.07 

0.00 


A />. , 


Eoacecraft Distances (AU) 







i 7 ( 

Minimum Heliocentric 

0. 9840 


1.0166 





Maximum Heliocentric 

1.4996 


1.6574 



L : 


Geocentric 

0.0000 

1.1286 1 

. 6764 

0.0000 


1 . ;; 

Maneuvers 








Propulsion Type 

VI os s 

None 

Vloss 

None 




Vinf (km/ sec) 

3.86 

5.45 

2.80 

6.81 



- 

Eff Delta-V (km/ sec) 

1.17 o.oo 

0.00 

0.98 0.00 

0.00 



7 ■ 

Vel Losses (m/sec) 

29.49 

0.00 

2.97 

0.00 




Propellant kg or t) 

24.25 0.00 

0.00 

9.25 0.00 

0.00 


l 

j- 

Burn time , r. r 1 

0.28 

0.00 

0.10 

0.00 


-* 

Thrust ;.C5 or klbs] 

24 .75 

0.00 

24.75 

0.00 




Spec Imp isec; 

463. 4 

0.0 

4 42.1 

0.0 


- ‘ 

7 /./ ;■ 1 

Mass Changes (kg or t) 








Dry Stage Jettisoned 

6.00 

0.00 

6.30 

0.00 




Probes Separated 


17.31 


23.56 




AercBrake Separated 


13.10 


0.00 




Drop Mass Left 


0.00 


0.00 



Simple Mass Acded 


0 . GO 


0.00 






/ 



PE? POP. MAI ICE 3 UMMAP. Y 


Depart 




Arrive 



Flight 7 lire 
days: 

Earth 

JAN 21 

, 2014, 

12.0000 hours GMT 

Mars 

JUL 22, 2014, 

9.6000 hours GMT 

[ 191 . 3000 'j 



Julian 

Date ^5667970000 | 


Julian 

Date 56360.9000 


Mars 

JAN : 

. 2015, 
Julian 

13.0969 hours GMT 
Date 57399.2540 

Earth 

JUL 9, 2016, 
Julian 

13.0369 hours GMT 
Date 57579.2540 

i i9c . v:oc j 


Total Duration 90 C .2540 


SPACECRAFT MASS SUMMARY {kg or t) 
Depart Arrive 


.eg Initial 

Engine 

Propel I 

Tankage 

Engine 

Propell 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

Net Mass 

107.181 
2 45.905 

6.000 

6.300 

24.364 

9.245 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.600 

0.600 

17.312 

23.560 

13 . 100 
0.000 

0.000 

0.000 

0.000 

0.000 

45.305 

6.200 


DEPARTURE/ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

V Inf 

Dec). 

Rt Asc 

Brn Tm 

Del V 

.‘less 

( km/s ) 

(deg) 

(deg J 

(min) 

{ km/s) 

(m/s) 

( km/s ) 

(deg) 

(deg) 

(min ) 

(km/s) 

m/ s , 

3.93042 

-0.24 

162.19 

17.105 

1.19944 

31.793 

5.44747 

-9.34 

313.66 

0.000 

0.00000 

0 . OOC 

2.79974 

22.29 

160.17 

6.069 

0.97502 

2.970 

rrrsTior) 

15.54 

94.03 

0.000 

0.00000 

0.000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


Semi -Ax is 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 

[ AU > 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

(days 

1 .2460C55 

0.228639907 

0.85977 

301.07552 

151.08183 

29.01679 

158.37017 

0.9611199 

1.5308921 

503.01713 

1.3029500 

0.297071098 

1.65105 

107.77946 

232.39977 

194 .26413 

307.54156 

0.9279683 

1 . 6780316 

54 3 . C 3 7 ® 9 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Ai t i tude 

Incl 

ination 

Delta V Declination 

Rt Ascension 

( km) 

(deg) 

(km/sec) (deg) 

(deg) 

300 . 00000 

51 

. 60000 

1.19944 -38.00544 

124.10285 

300.00000 

51 

. 60000 

1.19944 37.62524 

124.33308 




>1 (cl. uv S’ 

Loire' 




MISSION OPERATIONS 


Earth 


Mars 

Earth 


Dep 

Hello 

Arr Dep Heiio 

Arr 

_r.es (days. 





Deoart /Arrive 

0.00 


181.90 710.25 

900.25 

:_ignt. Stay 


191.90 

523.35 190.00 


sc "Cao Cro: ts radii ; 





A.ocaose Distance 

12.09 


0.00 10.95 

0.00 

Per lapse Distance 

1.13 


0.00 1.07 

0.00 

ca recraft Distances (AU! 







0.9841 

1.0166 


Maximum Heliocentric 


1.4996 

1 . 6574 


Geocentric 

0.0000 


1.1286 1.6764 

0.0000 

:aneuvers 





Propulsion Type 

Vloss 


None Vloss 

None 

7m: (km/sec! 

3.93 


5.45 2.90 

6.81 

Eff Delta-V (km/sec) 

1.20 

0.00 

0.00 0.98 0.00 

0.00 

Vel Losses {m/sec} 

31.79 


0.00 2.97 

0.00 

Propellant J<g cr t) 

24.36 

0.00 

0.00 9.25 0.00 

0.00 

Burn time (hr: 

0 .29 


0.00 0.10 

0.00 

Thrust (lbs or kibs) 

24 . 75 


0.00 24.75 

0.00 

Spec Imp (sec 

463.4 


0.0 442.1 

0.0 

'.ass Oha.nges >'<g or t) 





Dry Stage Jettisoned 

6.00 


0.00 6.30 

0.00 

Proc.es Separated 



17.31 

23.56 

AercBra.-ie Separated 



13.10 

0.00 

Drop Mass Left 



0.00 

0.00 

Sample Mass Acdea 



0.00 

0.00 


X Dot 
( km/sec) 
-0.52990 
-0.53579 


Y Dot 
{ km/ sec; 
0 . 79259 
0.7044^ 


Z Dot 
( km/sec) 
-0.73854 
0.73225 


C 


2,01 0 , 


C Z 1 1 , \£ 


/V ^ 

M u 

Vf CdCC i- 


1 3 






cane 


PERFORMANCE SUMMARY 


JAN 22, 2014, 12.0000 hours. GMT, 
Julian Date ,56690.0000 

JAN 1, 2016, 19.0967 hours GMT 
Julian Date 57389.2540 


JUL 22, 2014, 12.0000 hours GMT 
Julian Date 56961.0000 

JUL 9, 2016, 19.0967 hours GMT 
Julian Date 57579.2540 

Total Duration 


: 3a y 3 j 
191.0000 


SPACECRAFT MASS SUMMARY (kg or t) 


107 . 329 
45.905 


Depart -- — Arrive 

Engine Propell Tankage Engine PropeU Tankage Inert Probes AeroBrk 

6.000 25.512 0.000 0.000 0.000 0.000 0.600 17.312 13.100 

6.300 9.245 0.000 0.000 0.000 0.000 0.600 23.560 0.000 


Drops Samples N'etMass 

0.000 0.0C0 43.305 

0.000 0.000 6.2CC 


DEPARTURE /ARRIVAL CONDITIONS 


V Inf Decl 

(km/s) (deg) 
4.00097 0.08 

2.79974 22.30 


Depart 

Rt Asc Brn Tm 
(deg) (min) 

161.95 17.551 

160.17 6.068 


Del V 
(km/s) 
1.22685 
0.97502 


VLoss 

(m/s) 

34.354 

2.970 


Arrive 

V Inf Decl Rt Asc Brn Tm Dei V 

(km/s) (deg) (deg) (min) (km/s) 

4 ^ -9.45 313.53 0.000 0.00000 

6.81300 15.54 84.03 0.000 0.00000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi-Axis Eccentricity Inclination 
(AU) (deg) 

1.2447796 0.229352802 0.84924 

1.3029500 0.287871103 1.65105 


Asc Node 
(deg) 

302.09316 

107.77947 


Arg Per 
(deg) 

149.90336 

232.39976 


Departure 
True Anom 
(deg) 
30.19507 
194 .26414 


Arrival 
True Anom 
(deg) 

158.58491 

307.54156 


Perihelion Aphelion 
(AU) (AU) 

0.9592851 1.5302720 

0.9278683 1.6780317 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude Inclination 

(km) (deg) 

800.00000 51.60000 

900. 00000 51.60000 


Delta V 
( km/sec) 
1.22685 
1.22685 

V r, : 


Declination Rt Ascension 
(deg) (deg) 

-37.40238 124.58070 

37.535^1 124.50295 


MTSSION OPERATIONS 



Earth 


Mars 



Earth 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

i.mes (days) 







Ceca r t /Arrive 

0.00 


101.00 

709.25 


899.25 

r 1 1 g r. t / S t a y 


181.00 

528.25 


190.00 


Is-; /Cap Orbits : radii) 







Recaps e Distance 

12.09 


0.00 

10.95 


0.00 

Per lapse Distance 

1.13 


0.00 

1.07 


0.00 

oacecraft Distances (AU) 







Minimum Heliocentric 


0.9842 



1.0166 


Maximum Heliocentric 


1.4995 



1.6574 


Geocentric 

0.0000 


1.1292 

1.6764 


0.0000 

laneuvers 







Propulsion Type 

Vloss 


None 

Vloss 


None 

Vinf (km/sec) 

4 .00 


5 . 44 

2.80 


6.81 

Eff Delta-V ; km/sec) 

1.23 

0.00 

0.00 

0.98 

0.00 

0.00 

Vel Losses (m/sec) 

34.35 


0.00 

2.97 


0.00 

Propellant (kg or t) 

25.51 

0.00 

0.00 

9.25 

0.00 

0.00 

3urn time ..hr) 

0.29 


0.00 

0.10 


0.00 

Thrust ; lbs cr klbs) 

24.75 


0.00 

24.75 


0.00 

Spec Imp (sec: 

463.4 


0.0 

442.1 


0.0 

(ass Changes (kg or t) 







Dry Stage Jettisoned 

6.00 


0.00 

6.30 


0.00 


Probes Separated 
AeroBrake Separated 
Drop Mass Left 
Sample Mass Added 


X Dot 
( km/sec) 
-0.55315 
-0.55109 


Y Dot 2 Dot 

(km/sec) (km/sec) 
0.80241 -0.74520 

0.80174 0.74745 


A / 




I D 



PERFORMANCE SUMMARY 


■; r ged 


1/ T :me 

Depart 



Arrive 



Flight Time 

May 3; 







(da ys , 


Earth 

JAN 23, 2014, 

12.0000 hours OMTl^ 

Mars 

JUL 22, 2014, 

12.0000 hours GMT 

100.0300. 



Julian 

Date 1515501.0000 ; 


Julian 

Date 56861.0000 


5 Z'i .2540 

Mars 

JAN 1, 2016, 

10.0964 hours GMT 

Earth 

JUL 9, 2016, 

18.3964 hours GMT 




Julian 

Date 57389.2540 


Julian 

Date 57579.2540 



Total Duration 9 3 ^ . C. S 4 : 


SPACECRAFT MASS SUMMARY (Kg or t) 


.eg 

Initial 

Engine 

Depart - 
Propell 

Tankage 

Engine 

Arrive - 
Propell 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples Net 


108.520 

6.000 

26.203 

0.000 

0.000 

0.000 

0.000 

0.600 

17.312 

13.100 

0.000 

0.000 45 

: 

45.905 

6.300 

9.245 

0.000 

0.000 

0.000 

0.000 

0.600 

23.560 

0.000 

0.000 

0.000 6 


DEPARTURE/ ARRIVAL CONDITIONS 


Depart Arrive 


V Inf 

Decl 

Rt A sc 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

( km/s ) 

(deg) 

(deg) 

(min) 

{ km/s) 

(m/s) 

{ km/s) 

(deg) 

(deg) 

(min ) 

( km/s) 

4 .07408 

0.40 

161.78 

18.027 

1.25588 

37.229 

5.4*450- 

-9.57 

313.42 

0.000 

0.00000 

2.79974 

22.30 

160.17 

6.068 

0.97502 

2.970 

S:81300 

15.54 

84.03 

0.000 

0.00000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


-G 

Semi -Axi s 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 


(AU) 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

days; 


1.2437000 

0.230206342 

0.83755 

303.11043 

148.74106 

31.35737 

158.73004 

0.9573924 

1.5300077 

5C5.6c~e: 

: 

1 . 3029500 

0.287971107 

1 . 65105 

107.77947 

232.39974 

194 .26414 

307.54157 

0.9279684 

1.6700317 

543.23'?: 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


L . 


Altitude 

Inclination 

Delta V 


Declination 

Rt Ascension 

X Dot Y Dot 

Z Dot 

(km) 

(deg) 

( km/sec) 


(deg) 

(deg) 

(km/sec) (km/sec) 

(km/sec) r 

800.00000 

51 

. 60000 

1.25588 


-36.78965 

125.11103 

-0.57847 0.82275 

-0.75212 , .- r .. "■ 

900.00000 

51 

. 60000 

1.25588 


37.42859 

124.74879 

-0.56844 0.81945 

0.76329 — 




I 

■> t 1 



a / (D p 


- / ; c ? ’ : 







MISSION OPERATIONS 

/ A 

_ 


Earth 



Mars 


Earth 

7 

- -} V i ’ \ 

$ 


Dep 

Helio 

Arr 



Dep Helio 

Arr 

i ■ : 7 0 

'.res (days) 








■ti c :>£ r V - 

it ■ i 

Depart /Arrive 

0.00 


180.00 


708.25 

893.25 



Flight /Stay 


180.00 

528. 

25 

190.00 



— • 4- ' * 

j:, Dap Droits (radii) 







0.00 

U 1 - 2?f, 

■ ^ u ' ^7 •• 

Ape apse Distance 

12.09 


0.00 



10.95 

l ^ 

Periapse Distance 

1.13 


0.00 



1.07 

0.00 

~ ’ ~L'i 

t 

(0 

pacecraft Distances (AU) 










Minimum Heliocentric 


0.9843 




1.0166 




Maximum Heliocentric 


1.4995 




1.6574 




Geocentric 

0.0000 


1.1292 



1 .6764 

0.0000 



'aneuvers 










Propulsion Type 

Vloss 


None 



Vloss 

None 



Vmf (km/sec) 

4.07 


5 .44 



2.80 

6.81 



Eff Delta-V (km/sec) 

1.26 

0.00 

0.00 



0.98 0.00 

0.00 



Vel Losses (m/sec) 

37.23 


0.00 



2.97 

0.00 



Propellant (kg or t) 

26.20 

0.00 

0.00 



9.25 0.00 

0.00 



Burn time (hr) 

0.30 


0.00 



0.10 

0.00 



Thrust (lbs or klbs) 

24 . 75 


0.00 



24.75 

0.00 



Spec Imp 'sec’ 

4 63 . 4 


0.0 



4 42.1 

0.0 



! j s s Changes (kg or t) 










Dry Stage Jettisoned 

6.00 


0.00 



6.30 

0.00 



Probes Separated 




17. 

31 


23.56 



Aero3rake Separated 




13. 

10 


0.00 



Drop Mass Left 




0 . 

00 


0.00 



Sample Mass Added 




0 . 

00 


0.00 





PERFORMANCE SUMMARY 


i - ' 7 L m 
3 a ys . 

Depart 





Earth 

JAN 24, 

, 2014, 
Jul Ian 

12.0000 hours GMT- 
Date ',.56682.0000 ■ 

j i . r, 

Mars 

;an : , 

, 2016, 
Julian 

19.0962 hours GMT 
Date 57389.2540 


Arrive 


Flight 7 i 



: Jays ; 

Mars 

JUL 23, 2014, 

12.0000 hours GMT 180. 000 


Ju 1 ian 

Date 56362.0000 

Earth 

JUL 9, 2016, 

10.0962 hours GMT 1 ^0 . 0 ;G 


Ju 1 ian 

Date 57579.2540 


Total Duration 6 9 


SPACECRAFT MASS SUMMARY (kg or t) 


,eg 

Initial 

Engine 

Depart - 
Propell 

Tankage 

Engine 

Arrive - 
Propell 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

Net Mass 


109.230 

6.000 

26.913 

0.000 

0.000 

0.000 

0.000 

0.600 

17.312 

13.100 

0.000 

0.000 

45.305 

C 

45.905 

6.300 

9.245 

0.000 

0.000 

0.000 

0.000 

0.600 

23.560 

0.000 

0.000 

0 .00 0 

6.200 


DEPARTURE/ARRIVAL CONDITIONS 


Depart 


V Inf 

Dec! 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s) 

(deg) 

(deg) 

(min) 

( km/s ) 

(m/s) 

4 . 14704 

0 . 61 

161.29 

18.515 

1.28550 

40.342 

2.79974 

22.30 

160.17 

6.066 

0.97502 

2.970 


Arrive 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

’/Less 

( km/s ) 

(deg) 

(deg) 

[min ) 

( km/ s 1 

'm/s : 

5JLB.Q52. 

“nrT8i3oo 

-9.57 

313.13 

0.000 

0.00000 

9.000 

15.54 

84.03 

0.000 

0.00000 

0.000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

Departure 
True Anom 

Arrival 
True Anom 

(AU) 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

1 . 2405997 

0.230126899 

0.85250 

304 .13058 

147.33440 

32.76097 

159.65548 

1 . 3029500 

0.287871111 

1.65105 

107.77947 

232.39973 

194 .26414 

307.54157 


Perihelion 

(AU) 

0. 95S1043 
0.9278684 


Aphelion 

(AU) 

1 . 5260951 
1 . 6780317 


. days i 
504 . "’1466 
543.23791 

A 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 


Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

( km) 


(deg) 

( km/sec) 


(deg) 

(deg) 

(km/sec) 

( km/sec ) 

( km/sec) 

800.00000 

5 

1 . t>0000 

1.28550 

-36.25913 

125.25832 

-0.59837 

0.84642 

-0.76030 

300.00000 

51.60000 

1.28550 

37.24309 

124.71857 

-0.58285 

0.84116 

0.77798 




1 2-4 r 

No T -L 

s>s$C _ $ 


A 








MISSION OPERATIONS 

/V 



Earth 



Mars 


Earth 

A'J Xu * 

: 

• 


Dep 

Helio 

Arr 



Dep Helio 

Arr 



r 

limes (days; 








t> •/ 



Depart/Arrive 

0.00 


180.00 


707.25 

897.25 



Flight/Stay 


180.00 

527 . 

25 

190.00 





Esc/Cap Orbits [radii] 








1 ! 1 


r; — i 

Apoapse Distance 

12.09 


0.00 



10.95 

0.00 

L^J =■ 

Z ? “t t 

G i 

Periapse Distance 

1.13 


0.00 



1.07 

0.00 




: pacecraft Distances (AU) 








tJ ~ 

1 Z- u 4 

1 

Minimum Heliocentric 


0.984 4 




1.0166 





Maximum Heliocentric 


1 .4 982 




1.6574 





Geocentric ( 

9.0000 


1.1356 


1.6764 

0.0000 




Maneuvers 











Propulsion Type 

Vloss 


None 



Vloss 

None 




V inf (km/sec) 

4 . 15 


5.38 



2.80 

6.81 




Eff Delta-V (km/sec) 

1.29 

0.00 

0.00 



0.98 0.00 

0.00 




Vel Losses (m/sec) 

40.34 


0.00 



2.97 

0.00 




Propellant [kg or t) 

26.91 

0.00 

0.00 



9.25 0.00 

0.00 




Burn time (hr) 

0.31 


0.00 



0.10 

0.00 




Thrust (lbs or kibs) 

24.75 


0.00 



24.75 

0.00 




Spec Imp (sec) 

463.4 


0.0 



442.1 

0.0 




'•’.ass Changes (kg or t) 











Dry Stage Jettisoned 

6.00 


0.00 



6.30 

0.00 




Probes Separated 




17. 

31 


23.56 




AeroBrake Separated 




13. 

10 


0.00 




Drop Mass Left 




0 . 

00 


0.00 




Sample Mass Added 




0 . 

00 


0.00 







PERFORMANCE SUMMARY 


r ged 


■■ 'i 


>/■ 7 1 ran 
■l-r/'n 

Depart 


l- 

Arrive 



1 a a /s 


Earth 

JAN 25, 2014, 
Jul lan 

12.0000 hour.s._CMX- 
Date 156 683.0000 ;; 

Mars 

JUL 24, 

2014, 12.0000 hours GMT 
Julian Date 56863.0000 

1 8 o . : : : 

2 6 . 2 5 4 0 

Mars 

JAN 1, 2016, 
Julian 

18.0960 hours GMT 
Date 57389.2540 

Earth 

JUL 9, 

2016, 18.0960 hours GMT 
Julian Date 57579.2540 

i?o . : 


Total Curat i cr. 


SPACECRAFT MASS SUMMARY (kg or t 
Depart Arrive 


,eg 

Initial 

Engine 

Propell 

Tankage 

Engine 

Propeii 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples NetMass 

1 

109.984 

45.9C5 

6.000 

6.300 

27.667 

9.245 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.600 

0.600 

17.312 

23.560 

13.100 

0.000 

0.000 

0.000 

0.000 45.305 


DEPARTURE /ARRIVAL CONDITIONS 

Depart Arrive 


,eg 

V Inf 

Decl 

Rt A sc 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min) 

( km/s ) 

(m/s ) 

( km/s) 

(deg) 

(deg) 

(min) 

( km/s ) 

rt/ s ) 

* 

4 .22230 

0.81 

160.85 

19.034 

1.31677 

43.831 

5.31761 

-9.57 

312.82 

0.000 

0.00000 

0 . occ 

2 

2.79974 

22.30 

160.17 

6.068 

0.97502 

2.970 

i 'T. 81300 u 

15.54 

84.03 

Q.000 

0.00000 

: . ccc 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 



Semi-Axis Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 


(AU) 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

(days ) 


1.2375134 0.230134897 

0.86730 

305.15042 

145.92744 

34 .16494 

160.58244 

0 . 9527183 

1.5223084 

502.93242 

2 

1.3029501 0.287871116 

1.65105 

107.77949 

232.39971 

194 . 26415 

307.54157 

0.9278684 

1.6780318 

543.23793 


LAUNCH DELTA V ORIENTATION - PLANETOCEN7RIC 


Altitude 

Inclination 

Delta v 

Declination 

Rt Ascension 

X Dot 

Y Dot 

2 Dot 

(km) 

(deg) 

( km/ sec) 

(deg) 

(deg) 

( km/sec! 

( km/sec ) 

(km/sec) 

800.00000 

51 . 60000 

1.31677 

-35.72819 

125.44790 

-0.61995 

0.87081 

-0.76892 

800.00000 

51.60000 

1.31677 

37.03756 

124.75348 

-0.59918 

0.86360 

0.79314 



I ' 2 i 

Cf /s/o <3 - 

l eiizs 





MISSION OPERATIONS 



Earth 



Mars 


Earth 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

’imes rdays) 







Depa rt /Arrive 

0.00 


180.00 

706.25 


896.25 

FI ight/Stay 


180.00 


526 . 2$ 

190.00 


;sc/Cap Orbits (radii) 







Apcapse Distance 

12.09 


0.00 

10.95 


0.00 

Penapse Distance 

1.13 


0.00 

1.07 


0.00 

spacecraft Distances (AU) 







Minimum Heliocentric 


0.9845 



1.0166 


Maximum Heliocentric 


1.4969 



1 . 6574 


Geocentric 

0.0000 


1.1420 

1.6764 


0.0000 

lar.euve rs 







Propulsion Type 

Vloss 


None 

Vloss 


None 

Vmf (km/ sec) 

4.22 


5.32 

2.80 


6.81 

Eff Delta-V (km/sec) 

1.32 

0.00 

0.00 

0.98 

0.00 

0.00 

Vei Losses (m/sec) 

43.83 


0.00 

2.97 


0.00 

Propellant (kg or t) 

27 . 67 

0.00 

0.00 

9.25 

0.00 

0.00 

Burn time £hri 

0.32 


o.oc 

0.10 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 


0.00 

Spec Imp (sec) 

4 63.4 


0.0 

442 . 1 


0.0 

lass Changes [kg or t) 







Dry Stage Jettisoned 

6.00 


0.00 

6.30 


0.00 

Probes Separated 




17.31 


23.56 

AeroBrake Separated 




13.10 


0.00 

Drop Mass Left 




0.00 


0.00 

Sample Mass Added 




0.00 


0.00 



f J . “7 ~ ,> 

; % - 





PERFORMANCE SUMMARY 


' . verge'!; 


a y Time 
■days, 

Depart 



Arrive 



Flight Tim 
: 7 a y 3 : 

Earth 

JAN 26, 2014, 
Julian 

12.0000.. hours GMT 
Date r5 668 4.ooooj 

Mars 

JUL 

29, 2014, 
Ju 1 ian 

12.0000 hours GMT 164. 01 10 

Date 56666.0000 


Mars 

JAN 1, 2016, 
Julian 

18.0957 hours GMT 
Date 57369.2540 

Earth 

JUL 

9, 2016, 
Julian 

18.0957 hours GMT ’ 190. 0 0 0 C 

Date 575 - 79.2540 


Total Duran:::'. 


SPACECRAFT MASS SUMMARY I kg or t) 


Depart Arrive 


Initial 

Engine 

- - 

Propel 1 

Tankage 

Engine 

Propell 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

NetMass 

110.703 

45.9C5 

6.000 

6.300 

28.386 

9.245 

0.000 

0.000 

0.000 

0.000 

0 0 

0 0 
0 0 
0 0 

0.000 

0.000 

0.600 

0.600 

17.312 

23.560 

13.100 

0.000 

0.000 

0.000 

0.000 

0.000 

45.305 


DEPARTURE /ARRIVAL CONDITIONS 


Depart Arrive 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Rt Asc 

Brn Tm 

Dei v 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min) 

(km/s) 

(m/s ) 

( km/ s ) 

(deg) 

(deg) 

(min } 

i km/s ) 

..T./S , 

4.29196 

0.57 

159.31 

19.528 

1.34636 

47.335 

5.01397 

-9.05 

311.66 

0.000 

0.00000 

0 . CGC 

2 .79974 

22.30 

160.17 

6.068 

0.97502 

2.970 

1 6. 8 1300 j 

15.54 

84.03 

0.000 

0.00000 

0 . 000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


.eg 

Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 

(AU) 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

( days : 


1.2277Q61 

0.226913880 

0.98916 

306.17965 

143.69927 

36.38050 

164 .49424 

0.9491225 

1.5062896 

496.866? 

2 

1 .3029501 

0.287871120 

1 . 65105 

107.77948 

232.39970 

194.26415 

307.54158 

0.9278684 

1.6790319 

542.2379 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

2 Dot 

( km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/ sec) 

( km/sec) 

{ km/sec) 

800.00000 

51.60000 

1.34636 

-35.58464 

124 . 31120 

-0.61720 

0.90441 

-0.78346 

800.00000 

51.60000 

1.34636 

36.50952 

123.83572 

-0.60256 

0.89888 

0.80103 


/, z . c ? 9 /v*v z - L ad- 


mission OPERATIONS 



Earth 



Mars 



Earth 


Dep 

Helio 

Arr 


Dep 

Helio 

Arr 

"imes (days) 








Depart /Ar r ive 

0.00 


184.00 


705.25 


895.25 

Flight/ Stay 


184.00 


321.25 


190.00 


I sc/ Cap Orbits (radii) 








Apoapse Distance 

12.09 


0.00 


10.95 


0.00 

Periapse Distance 

1.13 


0.00 


1.07 


0.00 

spacecraft Distances (AU) 








Minimum Heliocentric 


0.9846 




1.0166 


Maximum Heliocentric 


1.4904 




1.6574 


Geocentric 

0.0000 


1 . 1737 


1.6764 


0.0000 

Maneuvers 








Propulsion Type 

Vloss 


None 


Vloss 


None 

Vinf (km/ sec j 

4.29 


5.01 


2.80 


6.81 

Eff Delta-V (km/sec) 

1.35 

0.00 

0.00 


0.90 

0.00 

0.00 

Vel Losses (m/sec) 

47.33 


0.00 


2.97 


0.00 

Propellant (kg or t) 

28.39 

0.00 

0.00 


9.25 

0.00 

0.00 

Burn time (hr; 

0.33 


0.00 


0.10 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 


24.75 


0.00 

Spec Imp (sec) 

463.4 


0.0 


442.1 


0.0 

•(ass Changes (kg or t) 








Dry Stage Jettisoned 

6.00 


0.00 


6.30 


0.00 

Probes Separated 




17.31 



23.56 

AeroBrake Separated 




13.10 



0.00 

Drop Mass Left 




0.00 



0.00 

Sample Mass Added 




0.00 



0.00 




■erged . 



PERFORMANCE 

SUMMARY 





1 a y s ; 

Depart 




Arrive 




••da 


Earth 

JAN 26, 2014, 

16.8000 

hours GMT 

Mars 

AUG 

14, 

2014 , 

16.0000 hours GMT 200. 



Jul lan 

Date 

56684.2000 




Julian 

Date 56884.2C0C 

' ' ", - 

Mars 

JAN 1, 2016, 

18.0957 

hours GMT 

Earth 

JUL 

9, 

2316, 

13.0957 hours GMT 



Julian 

Date 

57389.2540 




Ju 1 lan 

Date 5 7 5 79.254' 


SPACECRAFT MASS SUMMARY (kg or t) 


Initial 

Engine 

Depart - 
Propel 1 

Tankage 

Engine 

Arrive 

Propel! 

110.681 

6.000 

28.364 

0.000 

0.000 

0.000 

45.905 

6.300 

9.245 

0.000 

0.000 

0.000 


Tankage 

Inert 

Probes 

AercBr k 

Drops 

Samples 

Net Mass 

0.000 

0.000 

0.600 

0.600 

17.312 

23.560 

13.100 

0.000 

0.000 

0.000 

0.000 

O.OOC 

45.305 
(■ "> r ■ n 


DEPARTURE/ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min ) 

( km/ s ) 

(m/s) 

4 .28990 

-2 . 16 

155.61 

19.513 

1.34548 

47.227 

2 .79974 

22.30 

160.17 

6.068 

0.97502 

2.970 


V Inf DecI 
(km/s) (deg) 
4.24 119 -6.53 

6 . 81300 j 15.54 


Arrive 

Rt Asc Brn Tm 

(deg) (min) 

30 6 . "7 8 0.000 

84.03 0.000 


Del V 

VLoss 

( km/ s ) 

i m / s ! 

0 .00000 

0 . 000 

0.00000 

0.000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 

Departure Arrival 


Semi-Axis 

Eccentricity 

Incl ination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 

(AU) 


(deg) 

(deg) 

(deg) 

(deg ) 

(deg) 

(AU) 

(AU) 

. days ) 

1.2083607 

0.217260067 

1.50657 

306.41051 

141.23863 

38.81359 

175.67506 

0 . 9458322 

1.4708893 

485. 16932 

1 . 3029501 

0.287871121 

1 . 65105 

107.77948 

232.39969 

194 .26415 

307.54158 

0 . 9278684 

1.6780318 

543.23794 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

(km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/ sec) 

( km/ sec) 

{ km/sec) 

800.00000 

51.60000 

1.34548 

-37.81213 

119.38488 

-0.52157 

0.92621 

-0.82488 

800.00000 

51.60000 

1.34548 

34.24758 

121.22146 

-0.57650 

0.95111 

0.75720 


,:'es (days) 

0 e pa rt /Arrive 
FI ight/Stay 


MISSION OPERATIONS 


Earth 

Dep Helio 


Mars 

Arr 


Earth 

Dep Helio Arr 


0.00 

200.00 


200.00 ' . 705.05 895.05 

505.05 190.00 


Isc/Cap Orbits (radii) 
Apcapse Distance 
Periapse Distance 

Spacecraft Distances (AU) 
Minimum Heliocentric 
Maximum Heliocentric 
Geocentric 

Maneuvers 

Propulsion Type 
Vir.f (km/sec) 

Eff Delta-V (km/sec) 

Vel Losses [m/sec) 
Propellant (kg or t) 
Burn time (hr) 

Thrust libs or kibs) 
Spec Imp (sec) 

•■lass Changes (kg or t ) 

Dry Stage Jettisoned 
Probes Separated 
AeroBrake Separated 
Drop Mass Left 
Sample Mass Added 


12.09 

0.00 


10.95 0.00 

1.13 

0.00 


1.07 0.00 

0.9846 



. 1.0166- 

1.4697 



1.6574 

0.0000 

1.2733 


1.6764 0.0000 

vioss 

None 


Vioss None 

4.29 

- 4. .24 


2.80 6.81 

1.35 0.00 

* 0.00 


0.98 0.00 0.00 

47.23 

0.00 


2.97 0.00 

23.36 0.00 

0.00 


9.25 0.00 0.00 

0.33 

0.00 


0.10 0.00 

24.75 

0.00 


24.75 0.00 

4 63.4 

0.0 


4 4 2 /1 . 0.0 

6.00 

' 0.00 


6.30 0.00 



17.31 

23.56 



13.10 

0.00 



0.00 

0.00 



0.00 

0.00 



P E R FO RMAN C E 3 r JMMAR '( 



Arrive 



" *■ i : 3h 

t Time 
ays) 

5, 2022. 11.0204 hours GMT 

Julian Late 59830.9592 

Ma rs 

MAR 27, 2023. 

Julian 

11.Q204 hours GMT 
Date 60030.9592 

QA 

”Tooo\ 

3 , 2024. 11.9006 hours GMT 
Julian Date 60545.9959 

Earth 

MAR 11, 2025, 
Julian 

11.9006 hours GMT 
Date 60745.9959 


. 3000? 




Total Duration 

915 

.1367 


SPACECRAFT MASS SUMMARY (kg or t) 


Depart Arrive 



Initial 

Engine Propel! 

Tankage 

Engine 

Propell 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

NetMass 


17 1. C 06 

r i - -■ 

12.500 63.989 

O.jCj 11.115 

0.000 

0.000 

10.119 

0.000 

14 . 896 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

52.583 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

69.503 

5.805 


DEPARTURE/ARRIVAL CONDITIONS 


, T „ c ^ ^ i 

Depa 

Rt ASC 

rt 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Arrive 

Rt Asc Brn Tm 

Del V 

VLoss 

, km/ s ; i deg ) 

(deg) 

(min ) 

(km/s) 

(m/s I 

( km/s) 

(deg) 

(deg) 

(min) 

{ km/ s ) 

;m/s) 

4,29600 44.50 

59.30 

23.764 

1.84613 

68.212 

3.78554 

-19.36 

186.20 

11.153 

1.54222 

17.5-09 

Burn 2 Coast - 4.60 

2 3.53794 0.42 

hrs 

29.07 

24 . 143 
8.322 

2.36376 

1.56706 

150.412 
9. 952 

6.26432 

-8.06 

336.53 

0.000 

0.00000 

0.000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 

Departure Arrival 



'et' --'is Eccentricity Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 


A’J • (deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

(days ) 


■ -7],^ 0.273057472 2.95727 

345.46737 

358.76193 

1.24739 

143.50331 

1.0074482 

1.7673465 

556.89747 

; 

■.■51341" 3.223405543 0.32232 

170.85059 

57.71750 

173.15022 

302.24574 

0.9057634 

1.4573201 

469.10713 




PLANETOCENTRIC CAPTURE 

ORBIT ELEMENTS 





*9 

Semi-Axis Eccentricity Inclination 
; :aaii! (deg) 

£.0107446 3. 821387467 37.00000 

Asc Model 
(deg) 

213.98325 

Arg Perl 
(deg) 

263.35220 

Asc Node2 
(deg) 

338.41046 

Arg Per2 
(deg) 

150 . 16555 

Periapse 
( radii ) 
1.0735943 

Apoapse 
( radii ) 
10.9478952 

Period 
(hours ; 
24 . 60626 




LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Incl 

inat ion 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

(dec: 

( km/ sec) 

(deg) 

(deg) 

( km/sec) 

( km/sec ) 

( km/sec) 

44 

.79961 

4.21493 

27 . 19508 

0.95873 

3.74347 

0.06273 

1 . 92632 






• S' 5 ■< 

• Cluj 

r 7 ^ 




MISSION OPERATIONS 




(arth 


Mars 


Earth 




Dep 

Hello 

Arr 

Dep Helio 

Arr 




0.00 


200.00 

715.04 

915.04 





2C0 .00 

515.04 

200.00 






Tip Orbits (radii 
Ap rap se Distance 1.06 

Dor lapse Distance 1.06 


10.95 10.95 

1.07 1.07 


0.00 

0.00 


. a.;-ic:a:t Distances (AU! 
M . r. i ™ u .t. H e 1 1 z ce r. t r i c 
X !.■; _-um Heliocentric 


1.0075 
1 . 6456 


0.9935 

1.4573 

1.4798 0.0000 


repulsion Type 
1 ik.T./secj 

Deita-v {tat/ sec: 
'>.-1 Lasses ■;.?./ sec) 
'rcpellant i kg or t ) 
■err. time (hr) 

‘r.: ist | lbs or klbs) 
:pe: Imp isecC 


VI OSS 


Vloss 

4.30 


3.79 

4.21 

0.00 

1.54 

118.62 


17.51 

63.99 

0.00 

14 . 90 

0.30 


0.19 

4 5.00 


45.00 

917.0 


917.0 


Vloss 


None 

3.84 


6.26 

1.57 

0.00 

0.00 

9.95 


0.00 

11.11 

0.00 

0.00 

0.14 


0.00 

45.00 


0.00 

917.0 


0.0 


Jtage Jettisoned 
F: Separated 

Ao rad rake Separated 
ip Mass Left 
.n.p.e Mass Added 


0.00 

0.00 

0.00 

0.00 


0.00 
52 . 58 
0.00 
0.00 
0.00 


io . i : 


o.oo 



PER FORMAN C E S UMMAR Y 


3E? 9, 2022, 

12.0000 

hours GMT 

Julian 

Date 

59832.0000 

A'JG 2 3, 2 C 24, 

11.5005 

hours GMT 

Julian 

Date 

60545.9959 


MAR 28, 2023, 
Julian 


12.0000 hours GMT 
Date 60032. 0000 


MAR 11, 2025, 11.9005 hours GMT 
Julian Date 6 0 7 4 5 . 9 95 9 

Total Duration 


SPACECRAFT MASS SUMMARY (kg or t) 


. • u . t J * 
69.503 


12 . 500 
0.000 


Depart 

Procell 


63.840 

11.115 


0.000 

0.000 


Arrive 

Propell Tankage 


10.119 

0.000 


14 . 647 
0.000 


0.000 

0.000 


Inert Probes AeroBrk 


0.000 

0.000 


0.000 

52.583 


0.000 

0.000 


Drops Samples 


0.000 

0.000 


0.000 

0.000 


DEPARTURE/ARRIVAL CONDITIONS 


Arrive 


V 7 r, * 

Dec 1 

Rt Asc 3rn Tm Del V 

VLoss 

V Inf 

Decl 

Rt Asc Brn 

Tm De 1 V 

. ir- / q 

(deg) 

(deg) (min) (km/s) 

(m/s) 

(km/s } 

(deg) 

(deg) (min) (km/s) 

4 .29871 

44 . 33 

58.70 23.710 1.84627 

67.916 

3.74844 

-19.22 

186.33 10. 

967 1.51856 

Burr. 2 least 

* 4.60 

hrs 24.091 2.36067 

149.716 





3.83794 

0.42 

29.07 0.322 1.56706 

9. 952 

6.26432 

-0 .06 

336.53 0. 

000 0.00000 



HELIOCENTRIC 

TRANSFER 

ORBIT ELEMENTS 







Departure 

Arrival 



Semi -Ax is Ece 

£ f k * »- 1 c i t y 

Inclination Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

- ■ 


(deg) (deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

1.3527009 0 . 

273290302 

2.92626 346.47904 

357.71749 

2.29092 

144 .00226 

1.0070604 

1.7645014 

• 11^5417 C . 

233405512 

0.32232 170. 85059 

57.71749 

173.15022 

302.24574 

0.9057634 

1.4573201 


PLANETOCENTRIC CAPTURE ORBIT ELEMENTS 


Eccentricity Inclination 

Asc Nodel 

Arg Perl 

Asc Node2 

Arg Per2 

Periapse 

Apoapse 

!deg) 

(deg) 

(deg) 

(deg) 

(deg) 

( radii ) 

{ radii ) 

0:13874 67 37.00000 

213 . 88451 

263.92616 

338.77848 

15C .23803 

1.0735943 

10.9478952 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

2 Dot 

( km ! 

(deg) (km/sec) 

(deg) 

(deg) 

( km/sec) 

( km/sec) 

(km/sec) 

400.00000 

44.33087 4.21494 

26.96392 

0.08015 

3.75674 

0.00526 

1.91118 


MISSION OPERATIONS 



Earth 


mes :cays, 

Dep 

He lie 

Deoart /Arrive 

0.00 




200.00 

r.'Dar Orbits (radii! 

As cause Distance 

1 . 06 



1.06 


a c e : r a f t Distances (ALU 

Mm. mum Heliocentric 


1.0072 



1.6463 

- ter. trie 

0.0000 


-vers 

Frciuisic n Type 

VI OSS 


V::.: : km/ sec? 

4 . 30 


E : : Delta - V i km/ sec; 

4 .21 

0.00 

Ve 1 Losses Jr./ sec’ 

217.63 


D retell ant (kg or t) 

63.34 

0.00 

Sum time (hr; 

0.30 


7 : . r - s t ..lbs or klbs) 

45.00 


Dee: Imp .sec: 

917.0 


Dr.anges ^kg or t ! 

Dry Dt age Jettisoned 
Ae: L-riee Separated 
: Mass A Ode J 

12.50 



Mars 



Earth 

Arr 

Dep 

Helio 

Arr 

200.00 

714 .00 


914 .00 

514 .00 


200.00 


10.95 

10.95 


0.00 

1.07 

1.07 

0.9935 

1.4573 

0.00 

1.4193 

1.4798 


0.0000 


Vloss 

Vloss 


None 

3.75 

3.84 


6.26 

1.52 

1.57 

0.00 

0.00 

16.61 

9.95 


0.00 

14.65 

11.11 

0.00 

0.00 

0.18 

0.14 


0.00 

45.00 

4 5.00 


0.00 

917.0 

917.0 


0.0 


10.12 

0.00 

0 

.00 

0 , 

.00 

52 

.58 

0. 

.00 

0 

.00 

c. 

.00 

0 

.00 

c , 

.00 

0 

.00 


■jht Time 
(bays ) 

00 . 0000 


05 . 00 0C 


NetMass 

69.503 

5.805 


VLoss 

(m/s) 

16.615 

0.0C0 


Period 
(days ) 
595.85459 
469.10712 


Period 
( hours ) 
24 . 60638 



PER i ' f JRMANC E 3 UMMAR Y 


Earth 

SEP 

10, 2022, 

12 . 0000 

hours 

GMT 



Julian 

Date 

59833. 

0000 

Mars 

AUG 

23, 2024, 

11 . 9004 

hours 

GMT 



Julian 

Date 

6054 5 . 

995 9 


A r r i vo 


Mars 

MAR 

29, 

2023, 

12 

.0000 

hours 

GMT 




Julian 

Dat 

:e 

60033. 

0000 

Earth 

MAR 

11, 

2025, 

11 

. 9004 

hours 

GMT 




Julian 

Dat 

■ e 

60745. 

9959 






Tot a 

1 Dura 

t ion 


SPACECRAFT MASS SUMMARY (kg or t) 


r, 1 1 1 3 1 

Depart - 

Engine Propel! 

Tankage 

Engine 

Arrive - 
Propel 1 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

"1.266 
65. 513 

12.500 63.732 

0.C00 11.115 

0.000 

0.000 

1C. 119 
0.000 

14.412 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

52.583 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 


DEPARTURE/ARRIVAL CONDITIONS 


Depart 


V inf 

Decl 

Rt ASC 

Brn Tm 

Del V 

VLoss 

km/s) 

(deg) 

(deg) 

(min) 

{ km/s ) 

(m/s) 

304 36 

43.36 

57 . 65 

23.670 

1.84700 

67.742 

Coast 

- 4 . 61 

hrs 

24.049 

2.36966 

149.306 

63794 

0.42 

29.07 

8.322 

1.56706 

9.952 


Arrive 


V Inf 
{ km/s) 
3.71291 

Decl 

(deg) 

-19.08 

Rt ASC 
(deg) 
186.44 

Brn Tm 
(min ) 
10.791 

Del V 
( km/s ) 
1.49606 

6.26432 

-8.06 

336.53 

0.000 

0.00000 


Semi -Axi s 




HELIOCENTRIC 

TRANSFER 

ORBIT ELEMENTS 



Eccentricity Inclination 
(deg) 

3.2^2776903 2.89717 

?. 233405482 0.32232 

Asc Node 
(deg) 

347.45155 

170.85060 

Arg Per 
(deg) 

356.70365 
57 .71748 

Departure 
True Anom 
(deg) 
3.30386 
173.15022 

Arrival 
True Anom 
(deg) 

144.49113 
302 . 24575 

Perihelion 

(AU) 

1.0066164 

0.9057634 

Aphelion 

(AU) 

1.7617676 
1 . 4573200 





PLANETOCENTRIC CAPTURE ORBIT ELEMENTS 


Eccentricity 

Inclination 

Asc Nodel 

Arg Perl 

Asc Node2 

Arg Per2 

Periapse 

Apoapse 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

( radii ) 

( radii ) 

0.821387467 

37.00000 

213.76091 

264 .4 9447 

339.12667 

150.27995 

1.0735943 

10.9478952 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude Inclination Delta V 

(km) (deg) (km/ sec) 

430.00000 43.86119 4.21666 


Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

(deg) 

(deg) 

( km/sec) 

( km/sec) 

( km/sec) 

26.74616 

359.28147 

3.76522 

-0.04722 

1.89766 


MISSION OPERATIONS 



Earth 

Dep 

Helio 

Arr 

Mars 

Dep 

Helio 

Earth 

Arr 

me s .days' 

0.00 

200.00 

200.00 

5 

713.00 

13.00 

200.00 

913.00 

c Sap Droits (radii) 
A:: cause Distance 
Periapse Distance 

1.06 

1.06 


10.95 

1.07 

10.95 

1.07 


0.00 

0.00 

ce craft Distances ■ AU ) 
Minimum Heliocentric 
. m urn Heliocentric 

o.oooc 

1.0070 
1 . 6469 

1.4292 

1.4798 

0.9935 

1.4573 

0.0000 



VI OSS 


Vloss 

Vloss 


None 


4.30 


3.71 

3.84 


6.26 

r ::' Delta-’.' -km/ sec) 

4 .22 

0.00 

1.50 

1.57 

0.00 

0.00 

Ye i Losses ;.m, sec; 

217.05 


15.80 

9.95 


0.00 

Prcoeilant ;kg or t) 

63.73 

0.00 

14.41 

11.11 

0.00 

0.00 

zd j ** ► ^ \ h r ) 

0.80 


0.18 

0.14 


0.00 

Thrust lbs cr klbs) 

45.00 


45.00 

45.00 


0.00 

Croc Imp (sec! 

917.0 


917.0 

917.0 


0.0 

s j Chances •, kg cr c) 







Dry Stage Jettisoned 

12.50 


10.12 

0.00 


0.00 


j . UU v . uu 

0.00 0.00 


ght Time 
. days 

00 . j COO 


00.0000 


12.3553 


NetMass 

69.503 

5.605 


VLoss 
(m/s ) 
15.795 

0.000 


Period 

(days) 

594.83008 

469.10711 


Period 

(hours) 

24.60638 



PERFORMANCE SUMMARY 


SEP L 1 , 2022 , 12. 0000 hours GMT 
Julian Dale 59834.0000 

AUG 23, 2024, 11.9003 hours GMT 
Julian Date 60545.9958 


MAR 30, 2023, 12.0000 hours GMT 
Julian Date 60034.0000 

MAR 11, 2025, 11.9003 hours GMT 
Julian Date 60745. 9958 

Total Duration 


Depart 

Ermine Propel 1 Tankage 

12.500 63.657 0.000 

0.000 11.115 0.000 


SPACECRAFT MASS SUMMARY (kg or t } 

Arrive 

Engine Propell Tankage Inert 


Probes AeroBrk 


0.000 0.000 0.000 

0.000 52.583 0.000 


Drops Samples NetMass 

0.000 0.000 69.503 

0.000 0.000 5.605 


DEPARTURE/ARRIVAL CONDITIONS 


Depart 

Decl Rt Asc Brn Tm Del V VLoss 

(deg) (deg) (min) (km/s) (m/s) 

43.37 56.63 23.643 1.84835 67.676 

4.61 hrs 24.020 2.37173 149.150 

0.42 29.07 8.322 1.56706 9.952 


V Inf Decl 
(km/s) (deg) 
3.67749 -18.93 


.272295783 

.233405452 


2.86875 

0.32232 


2 1.56706 9.952 6.26432 -8.06 

HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Eccentricity Inclination 
(deg) 


Asc Node 
(deg) 

348.42459 

170.85060 


Arg Per 
(deg) 

355.67973 

57.71747 


Departure 
True Anom 
(deg) 
4.32685 
173.15022 


Arrive 

Rt Asc Brn Tm 
(deg) (min) 
186.54 10.617 


Arrival 
True Anom 
(deg) 

144.98922 

302.24576 


Del V 
( km/ s ) 
1.47380 


Perihelion 

(AU) 

1.0061008 

0.9057634 


Aphelion 

(AU) 

1.7590358 

1.4573200 


Period 

(days) 

593.78375 

469.10711 


PLANETOCENTRIC CAPTURE ORBIT ELEMENTS 


Inclination Asc Node! Arg Peri Asc Node 2 ArgPer2 Periapse Apoapse 

• Meq) (deg) (deg] (deg) (deg) (radii) 

31367467 37.00000 213.60822 265.07982 339.46967 150.31042 1.0735943 10.9478952 


Period 
( hours ) 
24 . 60638 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 
i km) 

4 CO . 30000 


Inclination Delta V Declination Rt Ascension X Dot 


(deg) 

43.37384 


( km/sec) 
4.22008 


(deg) 

26.53275 


(deg) 

358.53089 


X Dot Y Dot Z Dot 

(km/sec) (km/sec) (km/sec) 

3.77438 -0.09680 1.88515 


MISSION OPERATIONS 

Earth Mars Earth 

Dep Heiio Arr Dep Helio Arr 

0.00 200.00 712.00 912.00 

200.00 512.00 200.00 


radii) 

1.06 

10.95 


10.95 


0.00 

ince 

1.06 

1.07 


1.07 


0.00 

mces (AU) 







rent r ic 

1.0067 




0.9935 


:er.t ric 

1.6475 




1 .4573 



0.0000 

1.4391 

1 

.4798 


0.0000 

>e 

VI OSS 

Vloss 


Vloss 


None 


4.31 

3.68 


3.84 


6.26 

cn/ sec) 

4.22 0.00 

1.47 


1.57 

0.00 

0.00 

1 sec > 

216.83 

15.01 


9.95 


0.00 

j or t ) 

63.66 0.00 

14.18 


11.11 

0.00 

0.00 

0.79 

0. 18 


0.14 


0.00 

: kibs) 

45 . 00 

45.00 


45.00 


0.00 


917.0 

917.0 


917.0 


0.0 

j or t ) 






0.00 

: iscned 

12.50 

10.12 


0.00 





0.00 



52.58 

jrated 



0.00 



0.00 




0.00 



0.00 

ided 



0.00 



0.00 



PER FO RMAN C E 3 UMMA R Y 




■spart 


j r . ~ T i rn ^ 
"ijys 1 


SEP 14, 2022, 16.2176 hours GMT Mars 

Julian Date 59637.1767 


OCT 


2, 2023, 
Julian 


16.4466 hours GMT 
Date 60220.1354 


162. 1096 


Total Duration 


1 0 9 c 




SPACECRAFT MASS 

SUMMARY {kg 

or t ) 





. >■ - 

Depart 

Engine Propel! Tankage 

Engine 

Arrive - 
Propell 

Tankage 

Inert 

Probes AeroBrk 

Drops 

Samples 

Net Mass 


4.42: 13.276 0.000 

0.000 

0.000 

0.000 

0.000 

0.000 9.800 

0.000 

0.000 

51.523 


DEPARTURE /ARRIVAL CONDITIONS 




Depart 





Arrive 



V I n f 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Rt Asc 

Brn Tm 

De i V 

VLcss 

; cn / s ; 

i deg ) 

(deg) 

(min ) 

{ km/s ) 

(m/s) 

( km/s ) 

(deg) 

(deg) 

(min ) 

( km/ s ) 

m/ s ] 

3.7 1366 

15.73 

82.13 

12 . 912 

1.11035 

16.598 

3.07417 

19.53 

177 . 69 

0.000 

0.00000 

3.000 




HEL 

IOCENTRIC 

TRANSFER ORBIT 

ELEMENTS 








Semi-Axis Eccentricity 

Inclination 

Asc Node 

Arg Per 

Departure 
True Anom 

Arrival 
True Anom 

Perihelion 

Aphelion 

Period 


(AU! 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

(days ) 


1.3537368 0.257394533 

0.83739 

171.53339 

184 .16113 

355.82721 

216.59685 

1.0053295 

1.7022441 

575.339G3 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


A1 : itude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

rim , 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/sec) 

( km/sec) 

( km/sec) 

6CC . 0C0C0 

28.50000 

1.11035 

-8.76212 

34.39590 

0.90552 

0.61993 

-0.16914 

300 . 00C00 

28.50000 

1.11035 

28.47797 

25.81885 

0.87857 

0.42507 

0.52944 


MISSION OPERATIONS 



Earth 

Dep 

Hello 

Mars 

Arr 

. _r.es oa vs) 

Tec a r t /Arrive 

0.00 


383.01 



383.01 


Esc, Sac droits i r a d i i ) 

Apoapse Distance 

12.09 


0.00 

Peri apse Distance 

1 . 13 


0.00 

Statecraft Distances iA r J) 

Oeocer.t nc 

0.0000 

1.0053 

1.7022 

2.5432 

Maneuvers 

? r coo 1 s i on Type 

Vloss 


None 

Vmf .. icm/sec; 

3.71 


3.07 

Eff Delta-V i km/ sec) 

1.11 

0.00 

0.00 

‘.’el Losses (m/sec) 

16.60 


0.00 

Propellant i kg or t) 

18.28 

0.00 

0.00 

Burn t.me ihr) 

0.22 


0.00 

7 n rust iids or kids) 

24.00 


0.00 

Imp ,seci 

4 61.4 


0.0 


Miss Sr.anges : kg or t '■ 
: : ; Stage Jettisoned 
Pieces Separated 
Aero Brake Separated 
I roc Mass Left 
Sample Mass Added 


0.00 

0.00 

9.80 

0.00 

0.00 


4 . 40 



Name : 


-aded Case 


; : Converged i 



PERFORMANCE 

SUMMARY 




Stay Time Depart 




Ar rive 



: -da/3i 

{ days f 







Earth 

SEP 2, 2022, 

12.0000 

hours GMT 

Mars 

MAR 

21, 2023, 12.0000 hours GMT 

2 00. OOOcl 

Julian 

Date \ 

59825 0000 j 



JuLian Date 60025.0000 


620.9959 Mars 

AUG 23, 2024, 

11.9013 

hours GMT 

Earth 

MAR 

11, 2025, 11.9013 ncurs GMT 

r :oo. :ooo 


Julian Date 


60545. 9959 


Lilian Late 


SPACECRAFT MASS SUMMARY [kg or 


Total Duration 


Initial 


119.573 

51.823 


Engine 

6.000 

6.300 


Depart - 
Propel 1 

31.339 

15.765 


Tankage 

0.000 

0.000 


Engine 

0.000 

0.000 


Arrive - 
Propell 

0.000 

0.000 


Tankage 

0.000 

0.000 


Inert 


0.000 

0.000 


Probes AeroBrk 


17.312 

23.558 


13.100 

0.000 


Drops Samples 


o. ooc 

0.000 


0 . ooc 

0. COG 


DEPARTURE/ARRIVAL CONDITIONS 


Leg 


V Inf 
( km/s ) 
4.35193 
3.83794 


Decl 

(deg) 

47.04 

0.42 


Depart 


Rt Asc 
(deg) 
66.17 
29.07 


Brn Tm 
(min) 
21.559 
10.347 


Del V 
(km/s) 
1.38114 
1.57251 


VLoss 

(m/s) 

59.355 

15.412 


V Inf 
( km/s ) 
3.99932 
6.26433 


Decl 

(deg) 

- 20.02 

-8.06 


Arrive 

Rt Asc Brn Tm 

(deg) (min) 

185.10 0.000 

336.53 0.000 


Del V 
( km/s ; 
0 . 0000C 
O.OOOOC 


7_CSS 

' m / s : 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Leg 


Semi-Axis 

(AU) 

1.3959036 
1 . 1815418 


Eccentricity 

0.277675579 

0.233405721 


Inclination 

(deg) 

3.15084 

0.32231 


Asc Node 
(deg) 

339.68569 

170.85059 


Arg Per 
(deg) 
4.52754 
57.71757 


Departure 
True Anom 
(deg) 

355.48651 

173.15022 


Arrival 
True Anom 
(deg) 

140 . 84297 
302.24569 


Perihelion 

(AU) 

1 . 0082952 
0 . 9057632 


Aphel ion 
(AU) 

1.7835119 

1.4573204 


Per ioc 
[days ! 
602.39528 
4 f 3 . ’ C ’ 7 


LAUNCH DELTA V ORIENTATION 


PLANETOCENTRIC 


Altitude 

(km) 

800.00000 

800.00000 


Inclination 

(deg) 

51.60000 

51.60000 


Delta V 
( km/sec) 
1.38114 
1.38114 


Declination 

(deg) 

16.18077 

44.15737 


Rt Ascension 
(deg) 
21.12350 
354.83956 


X Dot 
( km/sec) 
1.23730 
0.98665 


Y Dot 
( km/sec) 
0.47902 
-0.08912 


Z Dot 
( km/sec ) 
0.33486 
0 . 96214 


MISSION OPERATIONS 


lines (days) 
Depart /Ar rive 
Flight/Stay 


Earth 

Dep Heiio 


Dep 

721.00 


Earth 

Heiio Arr 


0.00 200.00 721.00 921.00 

200.00 521.00 200.00 


Esc/Cap Orbits (radii) 

Apoapse Distance 12.09 

Periapse Distance 1.13 


0.00 

0.00 


10.95 

1.07 


0.00 

0.00 


Spacecraft Distances (AU) 
Minimum Heliocentric 
Maximum Heliocentric 


1.0083 

1.6418 


0.9935 

1.4573 


Geocentric 

0.0000 


1.3497 

1.4798 


0.0000 

tneuvers 








Propulsion Type 

VlOSS 


None 


VlOSS 


None 

Vinf (km/sec) 

4.35 


4.00 


3.84 


6.26 

Eff Delta-v (km/sec) 

1.38 

0.00 

0.00 


1.57 

0.00 

0.00 

Vel Losses (m/sec) 

59.36 


0.00 


15.41 


0.00 

Propellant (kg or t) 

31 . 34 

0.00 

0.00 


15.76 

0.00 

0.00 

Burr, time (hr) 

0.36 


0.00 


0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 


24.75 


0.00 

Spec Imp (sec) 

463.4 


0.0 


442.1 


0.0 

iss Changes (kg or t) 








Dry Stage Jettisoned 

6.00 


0.00 


6.30 


0.00 

Probes Separated 




17.31 



23.56 

AeroBrake Separated 




13.10 



0.00 

Drop Mass Left 




0.00 



0.00 

Sample Mass Added 




0.00 



0.00 



.adf id Case 


v-r ; '' Uorr/e 

rged) 




PERFORMANCE 

SUMMARY 




g Stay Time 
( days ) 

Depart 





Arrive 



■ days . 


Earth 

SEP 

4, 

2022, 

Julian 

12.0000 hours GMT 
Date 59827.0000 

Mars 

MAR 

23, 2023, 12.0 0 C 9 hours GMT 
Julian Date 6002^.0000 

*- IJ 

618.9959 

Mars 

AUG 

23, 

2024, 

Julian 

11.9010 hours GMT 
Date 60545.9959 

Earth 

MAR 

11, 202 5, 11.901 0 hours GMT 

Ju 1 i a n Date 61745. 9 9 5 9 



Tot a ; Duration 318. 9- 9 o > 


SPACECRAFT MASS SUMMARY (kg or t) 


.eg 

Initial 

Engine 

UCpa i. u 

Propell 

Tankage 

Engine 

Propell 

Tankage 

Inert 

Probes 

AercBrk 

Drops 

Samples 

Net Mas s 

2 

119.199 

51.823 

6.000 

6.300 

30.964 

15.765 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

23.558 

13.100 

0.000 

0.000 

0.000 

0 . 000 

51.923 


DEPARTURE/ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min ) 

( km/s ) 

(m/s) 

4.32003 

46.38 

64 .05 

21.302 

1.36691 

57.261 

3.83794 

0.42 

29.07 

10.347 

1.57251 

15.412 


Arrive 


V Inf 
( Ion/ s ) 
3.92739 
6.26432 


Dec! 
{deg} 
-19.62 
-8 . 06 


Rt Asc 
( deg ) 

185.53 

336.53 


3rn Tm 
(min) 
0.000 
0.000 


Del V 
! km / s : 
0 . OOOCC 
0.00000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi -Axis 
(AU) 

1.3931928 
1 . 1815418 


Eccentricity 

0.276294349 

0.233405661 


Inclination 

(deg) 

3.08263 

0.32231 


Asc Node 
(deg) 

341 . 62414 
170.85059 


Arg Per 
(deg) 
2.63335 
57.71755 


Departure 
True Anom 
(deg) 

357.37920 

173.15022 


Arrival 
True Anom 


(deg) 

141 . 69838 
302.24571 


Perihelion 

(AU) 

1.0082615 

0.9057632 


Aphelion 

(AU) 

1.7781241 

1.4573203 


po r 1 CG 

(days : 
6CC .64135 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude Inclination 

(km) (deg) 

800.00000 51.60000 

800.00000 51.60000 


Delta v 
( km/sec) 
1 . 36691 
1 . 36691 


Declination 
(deg) 
14.79379 
44 .81383 


Rt Ascension 
(deg) 
19.86671 
352.26459 


X Dot 
( km/sec) 
1 .24294 
0.96086 


Y Dot 
( km/sec) 
0.44912 
-0.13052 


Z Dot 
( km/ sec ) 
0.34903 
0.96340 


MISSION OPERATIONS 



Earth 



Mars 



Earth 


Dep 

Helio 

Arr 


Dep 

Helio 

Arr 

Times (days ) 








Depart/Arrive 

0.00 


200.00 

7 

19.00 


919.00 

Flight/Stay 


200.00 

519.00 


200.00 


Esc/Cap Orbits (radii) 








Apcapse Distance 

12.09 


0.00 


10.95 


0.00 

Periapse Distance 

1.13 


0.00 


1.07 


0.00 

Spacecraft Distances (AU) 








Minimum Heliocentric 


1.0083 




0.9935 


Maximum Heliocentric 


1 . 6431 




1.4573 


Geocentric 

0.0000 


1.3697 

1 

. 4798 


0.0000 

Maneuvers 








Propulsion Type 

Vloss 


None 


Vloss 


None 

Vinf (km/sec) 

4.32 


3.93 


3.84 


6.26 

Eff Delta-V (km/sec) 

1.37 

0.00 

0.00 


1.57 

0.00 

0.00 

Vel Losses (m/s ec) 

57.26 


0.00 


15.41 


0.00 

Propellant (kg or t) 

30.96 

0.00 

0.00 


15.76 

0.00 

0.00 

Burn time (hr) 

0.36 


0.00 


0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 


24 . 75 


0.00 

Spec Imp (sec) 

463.4 


0.0 


442.1 


0.0 

Mass Changes (kg or t) 








Dry Stage Jettisoned 

6.00 


0.00 


6.30 


0.00 

Probes Separated 




17.31 



23.56 

AeroBrake Separated 




13.10 



0.00 

Drop Mass Left 




0.00 



0.00 

Sample Mass Added 




0.00 



0.00 


O 



PE R FO RMANC E 3 UMMAR Y 


verged ; 


Leg 


tay Time 
{days i 

Depart 




Arrive 






Earth 

SEP 

6, 2022, 
Julian 

12.0000 hours GMT 
Date 59829.0000 

Mars 


MAR 

25, 2023, 
Julian 

12.0000 r.o-jrs 
Date 60029. 

gmt v 

516.W9 

Mars 

AUG 

23, 2024, 
Julian 

11.9008 hours GMT 
Date 60545.9959 

Earth 


MAR 

11, 2025, 
Julian 

11.9008 hours 
Date 60745.' 

GMT 2 0 0 . ' J 

995 9 










Total Dura 1 

1 1 o r. 916. 9 





SPACECRAFT MASS S 

lUMMARY (kg 

or t ) 





Ini t ial 

Engine 

Depart 
Prope 1 1 

Tankage 

Engine Propell 

Tankage 

Inert 

Probes AeroBrk Drops 

Samples Net! 

118.981 

51.823 

6.000 

6.300 

30.746 

15.765 

0.000 

0.000 

0.000 0.000 

0.000 0.000 

0.000 

0.000 

0.000 

0.000 

17 

23 

.312 13. 

.558 0, 

.100 0.000 

,000 0.000 

O.CCO 51 

0.000 6 


DEPARTURE /ARRIVAL CONDITIONS 


Leg 

V Inf 

Decl 

Depart 

Rt Asc Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Arr 

Rt Asc 

ive 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min) 

( km/s) 

(m/s) 

( km/s ) 

(deg) 

(deg) 

(mm) 

( km/s ! 

( rr / s 

1 

4.30121 

45.62 

61.90 

21.152 

1.35858 

56.062 

3.85562 

-19.60 

185.90 

0.000 

0 .00000 

C . 00 c 

2 

3.83794 

0.42 

2 9.07 

10.347 

1.57251 

15.412 

6.26432 

-8.06 

336.53 

0.000 

0.00000 

G .000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 

Departure Arrival 


.eg 

Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Per io 


(AU) 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

(days 


1.3903358 

0.275010618 

3.01779 

343.56458 

0.69785 

359.31311 

142.59166 

1.0079787 

1.7726929 

598 .794 

2 

1 . 1815418 

0.233405601 

0.32232 

170.85059 

57.71753 

173.15022 

302.24572 

0.9057633 

1.4573202 

469.107 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

2 Dot 

( km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/sec) 

! km / s e c ) 

{ km/ sec) 

800.00000 

51.60000 

1.35858 

13.38983 

18.67918 

1.25204 

0.42328 

0.31461 

800.00000 

51.60000 

1.35858 

45.54365 

349.87332 

0.93668 

-0.16730 

0.96973 


MISSION OPERATIONS 



Earth 



Mars 


Earth 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

Times (days) 







Depart/Arrive 

0.00 


200.00 

717.00 


917.00 

Flight/Stay 


200.00 

517.00 

200.00 


Esc/Cap Orbits (radii) 







Apoapse Distance 

12.09 


0.00 

10.95 


0.00 

Per i apse Distance 

1.13 


0.00 

1.07 


0.00 

Spacecraf t Distances (AU) 







Minimum Heliocentric 


1.0080 



0. 9935 


Maximum Heliocentric 


1.6444 



1 .4573 


Geocentric 

0.0000 


1.3896 

1.4798 


0.0000 

Maneuvers 







Propulsion Type 

Vloss 


None 

Vloss 


None 

Vinf (km/ sec) 

4.30 


3.86 

3.84 


6.26 

Eff Delta-V (km/sec) 

1.36 

0.00 

0.00 

1.57 

0.00 

0.00 

Vel Losses (m/sec) 

56.06 


0.00 

15.41 


0.00 

Propellant (kg or t) 

30.75 

0.00 

0.00 

15.76 

o 

o 

o 

0.00 

3urn time (hr) 

0.35 


0.00 

0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 


0.00 

Spec Imp (sec) 

463.4 


0.0 

442.1 


0.0 

Mass Changes (kg or t) 







Dry Stage Jettisoned 

6.00 


0.00 

6.30 


0.00 

Probes Separated 




17.31 


23.56 

AeroBrake Separated 




13.10 


0.00 

Drop Mass Left 




0.00 


0.00 

Sample Mass Added 




0.00 


0.00 



PERFORMANCE SUMMARY 


. • l : - S ir<xA Landed Case 
: Converged, 



Stay Tine 
(days i 

Depart 




Arr i ve 




Earth 

SEP 

7, 2022, 
Julian 

12.0000 hours GMT 
Date 59830.0000 

Mars 

MAR 

26, 2023, 12.0000 hours GMT 

Julian Date 6003 0 . 0 0 0 

515.9959 

Mars 

AUG 

23, 2024 , 
Julian 

11.9007 hours GMT 
Date 60545.9959 

Earth 

MAR 

11, 2025, 11.9007 hours GMT 

Julian Date 60745.9959 


Total Duration 


SPACECRAFT MASS SUMMARY (kg or t) 


Depart Arrive 


Leg 

Initial 

Engine 

Propell 

Tankage 

Engine 

Propell 

Tankage 

Inert 

Probes 

AeroBr k 

Drops 

Samples NetMass 


118.931 

51.823 

6.000 

6.300 

30.696 

15.765 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

23.558 

13.100 

0.000 

0.000 

0.000 

0.000 51.323 

0.C0C 6 . 20 ■: 


DEPARTURE /ARRIVAL CONDITIONS 


Depart Arrive 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Rt Asc 

Brn Tm 

De i V 

VLoss 

( km/s } 

(deg) 

(deg) 

(min ) 

(km/s) 

(m/s) 

( km/s ) 

(deg ) 

(deg) 

(min) 

( km/s ) 

. m/ s ’ 

4.29689 

45.21 

60.82 

21 .118 

1.35668 

55.790 

3.81981 

-19.48 

186.06 

0.000 

o.ooocc 

0 . 0 C 0 

3.83794 

0.42 

29.07 

10.347 

1 . 57251 

15.412 

6.26432 

-0.06 

336.53 

0.000 

0. ooooc 



HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


.eg 

Semi -Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 

(AU) 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

'days: 


1 . 3888531 

0.274408499 

2.98654 

344.53555 

359.71465 

0.29549 

143.05247 

1.0077400 

1.7699662 

59" . 937 14 

2 

1 . 1815418 

0.233405571 

0.32232 

170.85059 

57.71751 

173.15022 

302.24573 

0.9057633 

1 .4573202 

4 6 9 . 1 0 T 1 3 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

(km) 

(deg) 

(km/ sec) 

(deg) 

(deg) 

( km/sec) 

( km/sec) 

( km/sec) 

800.00000 

51.60000 

1.35668 

12.68680 

18.11631 

1.25794 

0.41156 

0.29796 

800.00000 

51.60000 

1.35668 

45.92999 

348.76943 

0,92555 

-0.18378 

0.97476 


MISSION OPERATIONS 



Earth 



Mars 


Earth 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

Times (days) 







Depart /Arrive 

0.00 


200.00 

716.00 


916.00 

Flight/Stay 


200.00 

516.00 

200.00 


Isc/Cap Orbits (radii) 







Apoapse Distance 

12.09 


0.00 

10.95 


0.00 

Peri apse Distance 

1.13 


0.00 

1.07 


0.00 

Spacecraft Distances (AU) 







Minimum Heliocentric 


1.0077 



0.9935 


Maximum Heliocentric 


1 . 6450 



1.4573 


Geocentric 

0.0000 


1.3995 

1 .4798 


0.0000 

Maneuvers 







Propulsion Type 

Vloss 


None 

Vloss 


None 

Vinf (km/sec) 

4.30 


3.82 

3.84 


6.26 

Eff Delta-V (km/sec) 

1.36 

0.00 

0.00 

1.57 

0.00 

0.00 

Vel Losses (m/sec) 

55.79 


0.00 

15.41 


0.00 

Propellant [kg or t) 

30.70 

0.00 

0.00 

15.76 

0.00 

0.00 

Burn time (hr) 

0.35 


0.00 

0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 


0.00 

Spec Imp (sec) 

463.4 


0.0 

4 4 2.1 


0.0 

Mass Changes (kg or t) 







Dry Stage Jettisoned 

6.00 


0.00 

6.30 


0.00 

Probes Separated 




17.31 


23.56 

AeroBrake Separated 




13.10 


0.00 

Drop Mass Left 




0.00 


0.00 

Sample Mass Added 




0.00 


0.00 



Name ; Loaned Case 

(Convened) PERFORMANCE SUMMARY 


tay Time 

Depart 





Arrive 




(days ) 

Earth 

SEP 

8, 2022/ 

12.0000 

hours GMT 

Mars 

MAR 

27, 2023, 12.0000 

hours GMT 



Julian 

Date 

59831.0000 



Julian Date 

60031 . 0000 

514 . 9959 

Mars 

AUG 

23/ 2024, 

11.9006 

hours GMT 

Earth 

MAR 

11, 2025, 11.9006 

hours GMT 



Julian 

Date 

60545.9959 



Julian Date 

6 0 " 4 5 . 9 9 5 01 


Total Duration 


SPACECRAFT MASS SUMMARY {kg or t) 


Initial 

Engine 

Depart - 
Propeii 

Tankage 

Engine 

Arrive - 
Propell 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

110 . 921 

6.000 

30.686 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

13.100 

0.000 

o.ooc 

51.823 

6.300 

15.765 

0.000 

0.000 

0.000 

0.000 

0.000 

23.558 

0.000 

0.000 

o.ooc 


DEPARTURE/ ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km /s } 

(deg) 

(deg) 

(min) 

(km/s) 

(m/s) 

4.29603 

44 . 79 

59.76 

21.111 

1.35630 

55.737 

3.83794 

0.42 

29.07 

10.347 

1.57251 

15.412 


Arrive 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

(km/s) 

(deg) 

(deg) 

(min) 

( km/ s) 

(m/s ) 

3.78409 

-19.35 

186.20 

0.000 

0.00000 

n f 1 , " 1 o 

6.26432 

-8.06 

336.53 

0.000 

0.00000 

O.OOC 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


.eg 

Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 


<AU) 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

<AU) 

( AU) 

1 

1.3873347 

0.273834617 

2.95604 

345.50704 

358.72118 

1.28811 

143 . 52268 

1 . 0074344 

1 . 7672350 


1 .1815417 

0.233405541 

0.32232 

170.85059 

57.71750 

173.15022 

302.24574 

0 . 9057634 

1 .4573201 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

(km) 

800.00000 

800.00000 


Inclination Delta V 

(deg) (km/sec) 

51.60000 1.35630 

51.60000 1.35630 


Declination 

(deg) 

11 . 98622 
46.32683 


Rt Ascension 
(deg) 
17.57641 
347.73845 


X Dot 
{ km/ sec) 
1.26479 
0 . 91522 


Y Dot 
{ km/ sec) 
0.40064 
-0.19891 


Z Dot 
{ km/ sec) 
0.28167 
0 .98100 


MISSION OPERATIONS 



Earth 



Mars 


Earth 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

Times (days) 







Depart/Arrive 

0.00 


200.00 

715.00 


915.00 

FI ight/Stay 


200.00 

515.00 

200.00 


Esc/Cap Orbits (radii) 







Apoapse Distance 

12.09 


0.00 

10.95 


0.00 

Periapse Distance 

1.13 


0.00 

1.07 


0.00 

Spacecraft Distances (AU) 







Minimum Heliocentric 


1.0075 



0.9935 


Maximum Heliocentric 


1.6457 



1.4573 


Geocentric 

0.0000 


1.4094 

1.4798 


0.0000 

Maneuvers 







Propulsion Type 

Vloss 


None 

Vloss 


None 

Vinf { km/sec) 

4.30 


3.78 

3.84 


6.26 

Eff Delta-V (km/sec) 

1.36 

0.00 

0.00 

1.57 

0.00 

0.00 

Vel Losses (m/s ec) 

55.74 


0.00 

15.41 


0.00 

Propellant (kg or t) 

30.69 

0.00 

0.00 

15.76 

0.00 

0.00 

Burn time (hr) 

0.35 


0.00 

0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 


0.00 

Spec Imp (sec) 

4 63.4 


0.0 

4 42.1 


0.0 

Mass Changes (kg or t) 







Dry Stage Jettisoned 

6.00 


0.00 

6.30 


0.00 

Probes Separated 




17.31 


23.56 

AeroBrake Separated 




13.10 


0.00 

Drop Mass Left 




0.00 


0.00 

Sample Mass Added 




0.00 


0.00 



PER FORMANC Z 3 UMMAR Y 


N-»rv? : Loaded Case 
1 Converged j 


• > } jny Time 
: da y s ) 


513.9959 


Depart 

Earth 

Mars 


SEP 9, 2022, 12.0000 hours GMT 
Julian Date 59832.0000 


AUG 2 3 


2024, 11.9005 hours GMT 
Julian Date 60545.9959 


Arrive 

Mars 

Earth 


MAP 28, 2023, 12.00 
Julian Date 


MAP 11, 202 5, 1 1.9 C 

Julian Date 



7 4 5 . 9 9 .5 > 
Duration 



SPACECRAFT MASS SUMMARY (kg or t) 


Leg 

Initial 

Engine 

Depart - 
Propell 

Tankage 

Engine 

Arrive - 
Propell 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

Net Mass 


118 . 952 

6.000 

30.717 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

13.100 

0.000 

0 . C 0 0 

51.822 

2 

51.823 

6.300 

15.765 

0.000 

0.000 

0.000 

0.000 

0.000 

23.558 

0.000 

0.000 

0.000 

6 . 2 0 C 


DEPARTURE/ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min) 

( km/s ) 

(m/s) 

4.29871 

44.33 

58.70 

21.132 

1.35748 

55.905 

3.83794 

0.42 

29.07 

10.347 

1.57251 

15.412 


Arrive 


V Inf 

Dec! 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min) 

( km/s ) 

;m/s • 

3.74844 

-19.22 

186.33 

0.000 

0.00000 

0 . OOC 

6.26432 

-8.06 

336.53 

0.000 

0.00000 

0 . CCC 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

Departure 
True Anom 

Arrival 
True Anom 

Perihelion 

Aphelion 

(AU) 

(deg) 

(deg) 

(deg) 

(deg) 

(deg ) 

(AU) 

(AU! 

1.3857809 

0.273290302 

2.92626 

346.47904 

357.71749 

2.29092 

144 . 00226 

1.0070604 

1.7645014 

1 . 1815417 

0.233405512 

0.32232 

170.85059 

57.71749 

173.15022 

302.24574 

0.9057634 

1 .4573201 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

(km) 

800.00000 

800.00000 


Inclination Delta V 

(deg) (km/sec) 

51.60000 1.35748 

51.60000 1.35748 


Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

(deg) 

(deg) 

( km/sec) 

{ km/ sec) 

( km/ sec ) 

11.29056 

17.06114 

1.27263 

0.39057 

0.26577 

46.73100 

346.78866 

0.90583 

-0.21265 

0.98844 


Times (days] 
Depa rt / Arr l ve 
Flight/Stay 


MISSION OPERATIONS 


Earth 


Mars 



Earth 

Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

0.00 


200.00 7 

o 

o 


914.00 


200.00 

514.00 


200.00 



Esc/Cap Orbits (radii) 

Apoapse Distance 

12.09 


0.00 

10.95 

0.00 

Periapse Distance 

1 . 13 


0.00 

1.07 

0.00 

Spacecraft Distances (AU) 

Minimum Heliocentric 
Maximum Heliocentric 
Geocent ric 

0.0000 

1.0072 

1,6463 

1.4193 

1 .4798 

0.9935 

1.4573 

0.0000 

Maneuvers 

Propulsion Type 

Vloss 


None 

Vloss 

None 

Vinf (km/sec) 

4.30 


3.75 

3.84 

6.26 

Eft Delta-V (km/sec) 

1.36 

0.00 

0.00 

1.57 

0.00 0.00 

Ve . Losses (m/sec) 

55.90 


0.00 

15.41 

0.00 

Propellant (kg or t) 

30.72 

0.00 

0.00 

15.76 

0.00 0.00 

Burn time (hr) 

0.35 


0.00 

0.17 

0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 

0.00 

Spec Imp (sec) 

463.4 


0.0 

442.1 

0.0 


Mass Changes (kg or t) 

Dry Stage Jettisoned 6.00 

Probes Separated 
AeroBrake Separated 
Drop Mass Left 
Sample Mass Added 



6.30 

0 , 

.00 

17, 

.31 

23. 

.56 

13. 

, 10 

0, 

.00 

0 , 

,00 

0 . 

.00 

0. 

.00 

0. 

.00 



PERFORMANCE SUMMARY 


N ir*‘. : Loaded Case 


' ' o r. v e r q e d , 


.-•q Cray Time 
i cays j 


512.9959 


Depart 

Earth 

Mars 





Arrive 





SEP 

10, 2022, 
Julian 

12.0000 hours GMT 
Date 59833.0000 

Mars 

MAR 

23, 2023, 
Ju L lan 

12.0000 hours 1MT 
Date 60 03 3.0 COO 


AUG 

23, 2024, 
Julian 

11.9004 hours GMT 
Date 60545.9959 

Earth 

MAR 

11, 2025, 
Julian 

11.9004 hours GMT 
Date 60745.9959 

-1 O 







Total Duration 

>12 . > 9 :> 


SPACECRAFT MASS SUMMARY (kg or t) 


Initial 

Engine 

Depart - 
Propell 

Tankage 

Engine 

Arrive 

Propell 

119 . 024 

6.000 

30.789 

0.000 

0.000 

0.000 

51.623 

6.300 

15.765 

0.000 

0.000 

0.000 


Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

NetMass 

0.000 

0.000 

0.000 

0.000 

17.312 

23.558 

13.100 

0.000 

0.000 

0.000 

0 .000 
0 .003 

51.82 3 
6.200 


DEPARTURE/ARRIVAL CONDITIONS 


Depart 


Leg 

V Inf 

Deci 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min) 

( km/s) 

(m/s ) 

1 

4.30496 

43.86 

57.65 

21 . 182 

1.36024 

56.299 


3.83794 

0.42 

29.07 

10.347 

1.57251 

15.412 


V Inf Decl 
(km/s) (deg) 
3.71291 -19.08 

6.26432 -8.06 


Arrive 

Rt Asc Brn Tm 

(deg) (min) 

186.44 0.000 

336.53 0.000 


Del V ‘/Loss 

(km/ si m/s 

o.occco :.cc; 

o.ococc 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Leg 


1 

2 


Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

(AU) 


(deg) 

(deg) 

(deg) 

1 . 3841920 

0.272776903 

2.89717 

347.45155 

356.70365 

1 . 1815417 

0 . 233405482 

0.32232 

170.85060 

57.71748 


Departure 
True Anom 
(deg) 
3.30386 
173.15022 


Arrival 
True Anom 


(deg) 

144 .49113 
302.24575 


Perihelion Aphelion 
( AU ) (A-J) 

1.0066164 1.7617676 

0.9057634 1.4573200 


( days 
594 . 93 CCs 
469. 10 • 11 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

(km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/sec ) 

( km/sec) 

(km/sec) 

800.00000 

51 . 60000 

1.36024 

10.60236 

16.57202 

1.29148 

0.38134 

0.25027 

800.00000 

51 . 60000 

1.36024 

47 . 13919 

345 . 92768 

0.8974 9 

-0.22497 

0.99707 


MISSION OPERATIONS 



Earth 



Mars 


Earth 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

Times (days) 







Depart/Arrive 

0.00 


200.00 

713.00 


913.00 

Flight/Stay 


200.00 

513.00 

200.00 


Esc/Cap Orbits (radii) 







Apoapse Distance 

12.09 


0.00 

10.95 


0.00 

Periapse Distance 

1 . 13 


0.00 

1.07 


0.00 

Spacecraft Distances (AU) 







Minimum Heliocentric 


1.0070 



0.9935 


Maximum Heliocentric 


1.6469 



1.4573 


Geocentric 

0.0000 


1.4292 

1.4798 


0.0000 

Maneuvers 







Propulsion Type 

Vloss 


None 

Vloss 


None 

Vinf (km/sec) 

4.30 


3.71 

3.84 


6.26 

Eff Delta-V (km/sec) 

1.36 

0.00 

0.00 

1.57 

0.00 

0.00 

Vel Losses (m/sec) 

56.30 


0.00 

15.41 


0.00 

Propellant (kg or t) 

30.79 

0.00 

0.00 

15.76 

0.00 

0.00 

Burn time (hr) 

0.35 


0.00 

0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 


0.00 

Spec Imp (sec) 

4 63.4 


0.0 

442.1 


0.0 

Mass Changes (kg or t) 







Dry Stage Jettisoned 

6.00 


0.00 

6.30 


0.00 

Probes Separated 




17.31 


23.56 

AeroBrake Separated 




13.10 


0.00 

Drop Mass Left 




0.00 


0.00 

Sample Mass Added 




0.00 


0.00 



* : ►> N.imeu Leaded 


■: Converged ) 


PEP. FORMANCE G UMMAR V 


Stay Time 
( days ) 

Depart 




Arrive 



-lays • 


Earth 

SEP 

11, 2022, 
Julian 

12.0000 hours GMT 
Date 59834.0000 

Mars 

MAR 

30, 2023, 
Juli an 

12.0000 hours GMT ~ 5 0- . 1 0 C 0 

Date 60034.000 0 

511 . 9958 

Mars 

AUG 

23, 2024, 
Julian 

11.9003 hours GMT 
Date 60545.9958 

Earth 

MAP 

11, 2025, 
Julian 

1 1.9 0 0 3 hours GMT 2 0 2 . .20 0 

Date 60745.9956 


Total Duration 


SPACECRAFT MASS SUMMARY (kg or t) 


,eg 

Initial 

Engine 

Depart - 
Propell 

Tankage 

Engine 

Arrive - 
Propell 

Tankage 

Inert 

ProPes 

AeroBrk 

Drops 

Samples 

NetMass 

1 

119.139 

6.000 

30.903 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

13.100 

0.000 

0.000 

51.823 

2 

51.023 

6.300 

15.765 

0.000 

0.000 

0.000 

0.000 

0.000 

23.558 

0.000 

0.000 

o.oco 

6.20 0 


Leg 


DEPARTURE /ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/s ) 

(deg) 

(deg) 

(min) 

(km/s) 

(m/s) 

4.31482 

43.37 

56.63 

21.260 

1.36460 

56.926 

3.83794 

0.42 

29.07 

10.347 

1.57251 

15.412 


V Inf 
( km/s ) 
3.67749 
6.26432 


Deci 
( deg ) 
-16 . 93 
-6 . 36 


Arri 

Rt Asc 
I deg } 
186 . 54 
336. 53 


ve 

Brn Tm 
(nun) 
0.000 
0.000 


Dei V 
< km/ s ! 
0 .00000 
0.00000 


s 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

Departure 
True Anom 

Arrival 
True Anom 

(AU) 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

1.3825683 

0.272295783 

2.86875 

348.42459 

355.67973 

4 . 32685 

144 . 98922 

1 . 1815417 

0.233405452 

0.32232 

170.85060 

57.71747 

173.15022 

302.24576 


Perihelion Aphelion 
(AU) (AU) 

1.0061008 1.7590358 

0.9057634 1.4573200 


Period 
( days 
593 . 783 7 5 
469.10711 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRI C 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

(km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/sec) 

800.00000 

51.60000 

1.36460 

9.92414 

16.11047 

1.29139 

800.00000 

51.60000 

1.36460 

47.54795 

345.16235 

0.89035 


Y Dot Z Dot 

(km/sec) (km/sec) 
0.37300 0.23518 

-0.23587 1.00696 


MISSION OPERATIONS 



Earth 



Mars 



Earth 


Dep 

Helio 

Arr 


Dep 

Helio 

Arr 

'imes (days) 








Depa rt /Arrive 

0.00 


200.00 


712.00 


912.00 

Fi ight/Stay 


200.00 

512.00 


200.00 


;sc/Cap Orbits (radii) 








Apoapse Distance 

12.09 


0.00 


10.95 


0.00 

Periapse Distance 

1.13 


0.00 


1.07 


0.00 

pacecraft Distances (AU) 








Minimum Heliocentric 


1.0067 




0.9935 


Maximum Heliocentric 


1 . 6475 




1.4573 


Geocentric 

0.0000 


1.4391 


1.4798 


0.0000 

'ar.euvers 








Propulsion Type 

Vloss 


None 


Vloss 


None 

Vinf (km/ sec) 

4.31 


3.68 


3.84 


6.26 

Eff Delta-V (km/sec) 

1.36 

0.00 

0.00 


1.57 

0.00 

0.00 

Vel Losses (m /sec) 

56.93 


0.00 


15.41 


0.00 

Propellant (kg or t) 

30.90 

0.00 

0.00 


15.76 

0.00 

0.00 

Burn time (hr) 

0.35 


0.00 


0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 


24.75 


0.00 

Spec Imp (sec) 

4 63.4 


0.0 


4 42 . 1 


0.0 

Mass Changes (kg or t) 








Dry Stage Jettisoned 

6.00 


0.00 


6.30 


0.00 

Probes Separated 




17.31 



23.56 

AeroBrake Separated 




13.10 



0.00 

Drop Mass Left 




0.00 



0.00 

Sample Mass Added 




0.00 



0.00 



Loaded Case 


■- ; L Name : 

1 : Converged i 


performance: summar v 


•; Stay Time 

Depart 



Arrive 



( days ) 

Earth 

SEP 13, 2022, 

12.0000 hours GMT 

Mars 

APR 

1 , 202 3, 12.00 0 0 n o u r s GMT 

Julian Date tOOib . 00 GO 


Julian 

Date 59836.0000 



509.9959 

Mars 

AUG 23, 2024, 
Julian 

11.9001 hours GMT 
Date 60545.9958 

Earth 

MAR 

11, 2025, 11.9001 hours GMT 
* Julian Date 60745 . 9958 







Total Duration 


SPACECRAFT MASS SUMMARY (-kg or t) 


Leg 


1 


Initial 

Engine 

Depart - 
Propell 

Tankage 

Engine 

Arrive - 
Propell 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

Me tMass 

119.497 

51.823 

6.000 

6.300 

31.262 

15.765 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

23.558 

13.100 

0.000 

0.000 

0.000 

0.000 

0.000 

51.823 

6.20C 


Leg 

1 

2 


DEPARTURE /ARRIVAL CONDITIONS 


V Inf Decl 

(km/s) (deg) 
4.34547 42.35 

3.83794 0.42 


Depart 

Rt Asc Brn Tm 
{deg! (min) 
54.65 21-507 

29.07 10.347 


Del V VLoss 

(km/s) (m/s) 

1.37824 58.925 

1.57251 15.412 


V Inf 
( km/ s ) 
3.60710 
6.26431 


Dec! 
(deg ) 
-18.61 
-8.06 


Ar 

Rt Asc 
( deg) 
186.68 
336.53 


ive 

3rn Tm 
imin ) 
0.000 
0.000 


(km/s 

0.00000 

0.00000 






HELIOCENTRIC 

TRANSFER 

ORBIT ELEMENTS 



Semi-Axis 

(AU) 

1.3792178 

1.1815417 

Eccentricity 

0.271435907 

0.233405392 

Inclination 

(deg) 

2.81381 

0.32232 

Asc Node 
(deg) 

350.37226 

170.85060 

Arg Per 
(deg) 

353.60205 
S7 .71745 

Departure 
True Anom 
(deg) 
6.40262 
173.15022 

Arrival 
True Anom 
(deg) 

146.01269 
302 .24577 

Perihelion 

(AU) 

1.0048486 
0 . 9057635 

Aphelion 

(AU) 

1.7535870 

1.4573199 


Per io 



469. 10 7 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


A1 t i tude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

( km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

[ km/ sec) 

( km/ sec ) 

800 . 00000 

51.60000 

1.37824 

8.60769 

15.27520 

1.31458 

0 . 35902 

800.00000 

51.60000 

1.37824 

48 . 35293 

343 . 94129 

0.88016 

-0 . 25336 


2 Dot 
( km/ sec ) 
0.20629 
1.02990 


MISSION OPERATIONS 


limes (days) 

Depart /Arrive 
Flight /Stay 

Zsc/Cap Orbits (radii) 
Apoapse Distance 
Periapse Distance 

Spacecraft Distances (AU) 
Minimum Heliocentric 
Maximum Heliocentric 
Geocentric 

Maneuvers 

Propulsion Type 
Vinf (km/sec) 

Eff Del ta-V (km/sec) 

Vel Losses (m/sec) 
Propellant (kg or t) 
Burn time (hr) 

Thrust (lbs or klbs) 
Spec Imp (sec) 

Mass Changes (kg or t) 

Dry Stage Jettisoned 
Probes Separated 
AeroBrake Separated 
Drop Mass Left 
Sample Mass Added 


Earth 

Mars 



Earth 

Dep 

Helio Arr 

Dep 

Helio 

Arr 

0.00 

200.00 

710.00 


910.00 


200.00 510.00 


200.00 


12.09 

0.00 

10.95 


0.00 

1.13 

0.00 

1.07 


0.00 


1.0062 


0.9935 



1.6487 


1.4573 


0.0000 

1.4588 

1.4798 


0.0000 


Vloss 


None 

Vloss 


None 

4.35 


3.61 

3.84 


6.26 

1.38 

0.00 

0.00 

1 . 57 

0.00 

0.00 

58.92 


0.00 

15.41 


0.00 

31.26 

0.00 

0.00 

15.76 

0.00 

0.00 

0.36 


0.00 

0.17 


0.00 

24.75 


0.00 

24.75 


0.00 

463.4 


0.0 

442.1 


0.0 


6.00 

0.00 6.30 

0.00 


17.31 

23.56 


13.10 

0.00 


0.00 

0.00 


0.00 

0.00 




DEPARTURE /ARRIVAL CONDITIONS 


Depart Arrive 


-eg 

V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 


(km/ »■)--. 

(deg) 

(deg) 

(min) 

( km/s) 

(m/s) 

( km/s 5 

(deg) 

(deg) 

(min ) 

( km/s ) 

'm/s ; 

1 

\ 4 .35900 J 

42.00 

54.01 

21.617 

1.38432 

59.831 

3.58369 

-18.49 

186.71 

0.000 

0.00000 

0.000 

2 

.037 94 

0.42 

29.07 

10.347 

1.57251 

15.412 

6.26431 

-8.06 

336.53 

0.000 

0.00000 

fi - ''i p 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi -Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

Departure 
True Anom 

Arrival 
True Anom 

Perihelion 

Aphelion 

Period 

(AU) 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

(days ) 

1.3780659 

0.271180095 

2.79597 

351.02468 

352.89782 

7.10619 

146.36329 

1.0043619 

1.7517700 

590.88563 

1 . 1815417 

0.233405372 

0.32232 

170.85060 

57.71744 

173.15022 

302.24578 

0.9057635 

1.4573199 

469. 10709 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta v 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

(km) 

(deg) 

{ km/ sec) 

(deg) 

(deg) 

( km/ sec) 

( km/ sec) 

< km/sec) 

eoo. ooooo 

51 . 60000 

1.38432 

8.18158 

15.02302 

1.32339 

0.35517 

0.19700 

800.00000 

51 . 60000 

1.38432 

48.61476 

343.62964 

0.87809 

-0.25794 

1.03063 


MISSION OPERATIONS 



Earth 



Mars 



Earth 


Dep 

Helio 

Arr 


Dep 

Helio 

Arr 

:mes (days) 








Depart/Arrive 

0.00 


200.00 


709.33 


909.33 

Flight/Stay 


200.00 


509.33 


200.00 


sc/Cap Orbits (radii) 








Apcapse Distance 

12.09 


0.00 


10.95 


0.00 

Penapse Distance 

1.13 


0.00 


1.07 


0.00 

oacecraft Distances (AU) 








Minimum Heliocentric 


1.0060 




0.9935 


Maximum Heliocentric 


1.6490 




1.4573 


Geocentric 

0.0000 


1.4654 


1.4798 


0.0000 

ineuvers 








Propulsion Type 

Vloss 


None 


Vloss 


None 

Vinf (km/ sec) 

4.36 


3.58 


3.84 


6.26 

Eff Delta-V (km/sec) 

1.38 

0.00 

0.00 


1.57 

0.00 

0.00 

Vel Losses (m/sec) 

59.93 


0.00 


15.41 


0.00 

Propellant (kg or t) 

31.42 

0.00 

0.00 


15.76 

0.00 

0.00 

Burn time (hr) 

0.36 


0.00 


0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 


24.75 


0.00 

Spec Imp (sec) 

4 63.4 


0.0 


442.1 


0.0 

iss Changes (kg or t) 








Dry Stage Jettisoned 

6.00 


0.00 


6.30 


0.00 

Probes Separated 




17.31 



23.56 

AeroBrake Separated 




13.10 



0.00 

Drop Mass Left 




0.00 



0.00 

Sample Mass Added 




0.00 



0.00 



PER FO P MAN C E 3 > jMMAR Y 


r\ i o S i r. ,f r : Lb a d e - J 'To ; e 
1 ■: Convened) 


Stay Time 
(days} 

Depart 




Arrive 




Fl.gr. t Time 
days , 


Earth 

OCT 

9, 2024 , 
Jui Lan 

12.0000 hours GMT 
Date 60592.0000 

Mars 

MAY 

5, 

2025, 

lulian 

4.42 9 1 hours GMT 209.69 4 5 

Da t e 60 SCO . 6945 

513.2570 

Mars 

SEP 

30, 2026, 
Julian 

10.5960 hours GMT 
Date 61313.9415 

Earth 

APR 

18, 

2027, 
^ u 1 1 a n 

1 T; . 5 9 6 0 hours GMT 12 0 0 . 3 0 C Q? 

Date 61513.9415 










Total Du r a 1 1 on 92 1. 94 1 2 


SPACECRAFT MASS SUMMARY (kg or t) 


Depart Arrive 


Leg 

Initial 

Engine 

- w 

Propell 

Tankage 

Engine 

Propell 

Tankage 

Inert 

Probes 

AeroBr k 

Drops 

Samples 

Net Mass 

1 

2 

118.695 

51.693 

6.000 

6.300 

30.590 

15.635 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

23.558 

13.100 

0.000 

0 . 000 
0.000 

O.COC 

O.CCC 

6 .202 


Leg 

1 

2 


DEPARTURE /ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt ASC 

Brn Tm 

Dei V 

VLOSS 

tkm/sL 

(deg) 

(deg) 

(min) 

( km/s ) 

(m/s ) 

[4.292QQJ 

48.90 

108.57 

21.045 

1 . 35434 

55.296 

jT782106 

15.24 

49.80 

10.262 

1.56167 

15.033 


V Inf Decl 
tkm/sj (deg) 
4.82626 -29.11 

f6. 91300 ^ -1.78 


Arri 

Rt Asc 
(deg) 
232.32 
11.02 


Brn Tm 
(min ) 
0.000 
0 . 000 


Del 7 
: km / s : 
0.0 00 CO 
0.00000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


,eg 

Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

(AU) 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

1 

1.3868010 

0.279785537 

3.23528 

15.38136 

2.69835 

357.28155 

146.01688 

0 . 9987941 

1.7748079 

2 

1.2361880 

0.260104758 

1.27868 

27.67954 

235.25057 

181.89730 

304.67056 

0 .914 6496 

1.5577263 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

2 Dot 

(km) 

(deg) 

(km/sec) 

(deg) 

(deg) 

( km/sec) 

( km/ sec) 

( km/sec} 

800.00000 

51.60000 

1.35434 

19.64712 

59.68520 

0.64381 

1 . 10109 

0.45536 

800.00000 

51 . 60000 

1.35434 

41.23676 

37.90962 

0.80354 

0.62576 

0.89274 


> 

MISSION OPERATIONS 



Earth 



Mars 

Earth 


Dep 

Helio 

Arr 

Dep 

Helio Arr 

Times (days) 






Depart/Arrive 

0.00 


208.66 

721 . 94 

921.94 

Flight/Stay 


208.68 

513.26 

200.00 

Esc/Cap Orbits (radii) 






Apoapse Distance 

12.09 


0.00 

10.95 

0.00 

Periapse Distance 

1.13 


0.00 

1.07 

0.00 

Spacecraft Distances (AU) 






Minimum Heliocentric 


0.9988 



1.0040 

Maximum Heliocentric 


1.6644 



1.5574 

Geocentric 

0.0000 


1.4604 

1.6690 

0.0000 

Maneuvers 






Propulsion Type 

Vloss 


None 

Vloss 

None 

Vinf (km/sec) 

4.29 


4.83 

3.82 

6.81 

Eff Delta-V (km/sec) 

1.35 

0.00 

0.00 

1.56 

0.00 0.00 

Vel Losses (m/sec) 

55.30 


0.00 

15.03 

0.00 

Propellant (kg or t) 

30.59 

0.00 

0.00 

15.64 

0.00 0.00 

Burn time (hr) 

0.35 


0.00 

0.17 

0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 

0.00 

Spec Imp (sec) 

463.4 


0.0 

442.1 

0.0 

Mass Changes < kg or t) 





0.00 

Dry Stage Jettisoned 

6.00 


0.00 

6.30 

Probes Separated 




17.31 

23.56 

AeroBrake Separated 




13.10 

0.00 

Drop Mass Left 




0.00 

0.00 

Sample Mass Added 




0.00 

0.00 


> 



Loaded Case 




‘ Convened) PERFORMANCE SUMMARY 


Stay Time 

Depart 




Ar r i ve 




r . . ; : . 

( days : 











Earth 

OCT 

10, 2024, 

12.0000 hours GMT 

Mars 

MAY 

2, 2025, 

11.1837 hours GMT 

::3. >66: 




Ju l ian 

Date 60594.0000 



Julian 

Date 607 97. 9660 


515.9755 

Mars 

SEP 

30, 2026, 

10. 5955 hours GMT 

Earth 

APR 

18, 2027, 

10.5955 hours GMT 

fITc.jfrjo] 




Julian 

Date 61313.9415 



Julian 

Date 61513.9415 



Total 


Curat i nr. 


SPACECRAFT MASS SUMMARY (kg or t) 


,eg 

Initial 

Engine 

Depart - 
Propell 

Tankage 

Engine 

Arrive 

Propell 

1 

118.695 

6.000 

30.590 

0.000 

0.000 

0.000 

2 

51.693 

6.300 

15.635 

0.000 

0.000 

0.000 


Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

Net Mass 

0.000 

0.000 

0.000 

0.000 

17 .312 
23.558 

13.100 

0.000 

0.000 

O.OCO 

O.OOC 

O.OCO 

51 . 692 


Leg 

1 

2 


DEPARTURE /ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

_ ( km/-s.L 

(deg) 

(deg) 

(min) 

{ km/s) 

(m/s) 

4 .292QQJ 

46.98 

107.40 

21.045 

1.35434 

55.296 

3.82106 

15.24 

49.80 

10.262 

1.56167 

15.033 


Arrive 


V Inf 

Decl 

Rt ASC 

Brn Tm 

Del V 

( km/ s ) 

(deg) 

(deg) 

(min ) 

( km/ s ! 

4 . 98220 

-27.84 

232.67 

0.000 

0.00000 

1 6.81300 1 

-1.78 

11.02 

0.000 

O.OOCOC 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi-Axis Eccentricity 
(AU) 

1.3937281 0.283642741 

1.2361879 0.260104738 


Inclination 

(deg) 

2.99740 

1.27868 


Asc Node 
(deg) 
17.36082 
27.87954 


Arg Per 
(deg) 

1 . 30228 
235.25056 


Departure 
True Anom 
(deg) 

358 . 67403 
181.89729 


Arrival 
True Anom 
(deg) 

144 . 24864 
304.67055 


Perihelion 

(AU) 

0.9984072 

0.9146496 


Aphelion 

(AU) 

1 . 78904 90 
1 . 5577262 


days 

60C . 9 8 ” 6 c 
502 .024 '8 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

2 Dot 

( km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/ sec) 

( km/ sec) 

[ km/ sec) 

800.00000 

51 . 60000 

1.35434 

15.71553 

62.15622 

0.60892 

1.15277 

0 . 3668 4 

800.00000 

51 . 60000 

1.35434 

44.01033 

35.50621 

0.79294 

0.56573 

0 . 94098 


MISSION OPERATIONS 


limes (days) 
Depart/Arrive 
Flight/Stay 


Earth 

Dep 

Helio 

Arr 

Mars 

Dep 

Helio 

Earth 

Arr 

0.00 

203.97 

203.97 

719.94 

515.98 

200.00 

919.94 


Esc/Cap Orbits (radii) 

Apoapse Distance 12.09 

Periapse Distance 1.13 


0.00 10.95 0.00 

0.00 1.07 0.00 


Spacecraft Distances (AU) 
Minimum Heliocentric 
Maximum Heliocentric 
Geocentric 


0.0000 


0.9984 

1.6648 


1.4354 


1.0040 

1.5574 

1.6690 0.0000 


Maneuvers 

Propulsion Type 
Vinf (km/sec) 

Eff Delta-V (km/sec) 
Vel Losses (m/sec) 
Propellant (kg or t) 
Burn time (hr) 

Thrust (lbs or kibs) 
Spec Imp ( sec) 

Mass Changes (kg or t) 
Dry Stage Jettisoned 
Probes Separated 
AeroBrake Separated 
Drop Mass Left 
Sample Mass Added 


Vloss 


None 

4.29 


4.98 

1.35 

0.00 

0.00 

55.30 


0.00 

30.59 

0.00 

0.00 

0.35 


0.00 

24.75 


0.00 

463.4 


0.0 

6.00 


0.00 


Vloss 


None 

3.82 


6.81 

1.56 

0.00 

0.00 

15.03 


0.00 

15.64 

0.00 

0.00 

0.17 


0.00 

24.75 


0.00 

442.1 


0.0 



6.30 

0. 

.00 

17. 

,31 

23, 

.56 

13. 

, 10 

0. 

.00 

0. 

.00 

0. 

.00 

0. 

.00 

0. 

.00 



rile Name: Loaded C ase 


PERFORMANCE 


6.000 30.590 

6.300 15.635 




Arrive 


* ‘ ‘ + “ 

lays 

12.0000 

hours GMT 

Mars 

MAY 2, 2025, 0.4696 hours 

GMT 2 0 1 

. ; 1 >5 

Date i 

60596.0000 


Julian Date 6u ■"+ - 

j . J r ' 


10.5950 

hours GMT 

Earth 

APR 18, 2027 , 10.5950 hours 

GMT \~22-: 

__i3 

Date 1 

61313.9415 


Julian Date 6151 j. 

94 15 





Total Dura 

1 1 or. 91" 

. *4 1 5 

SPACECRAFT MASS 

SUMMARY (kg or t) 





- Arrive - 





Engine 

Propell 

Tankage Inert 

Probes AeroBrk Drops 

Samples N 

let Ma ss 

0.000 

0.000 

0.000 0.000 

17.312 13.100 0.000 

o.cco 

51.693 

0.000 

0.000 

0.000 0.000 

23.558 0.000 0.000 

0 . 000 



DEPARTURE/ARRIVAL CONDITIONS 


Depart 

V Inf Decl Rt Asc Brn Tm Del V 

{ fop/ (deg) (deg) (min) (km/s) 

■ f 7^00 \ 45.86 105.46 21.045 1.35434 

3.82106 15.24 49.80 10.262 1.56167 


V Inf 
( km/s) 
5.02196 
6. 81300 


Arrive 

Decl Rt Asc 3rn Tm Del V 

(deg) (deg) (min) (km/s,. 

-27.09 232.99 0.000 0.G00CC 

-1.79 11.02 0.00C 0.CG0CC 


Semi-Axis 

(AU) 

1.3952564 

1.2361878 


0.284799605 

0.260104717 


2.84632 

1.27869 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Eccentricity Inclination 
(deg) 


Asc Node 
(deg) 
19.34228 
27.87954 


Arg Per 
(deg) 

359.53967 

235.25055 


Departure 
True Anom 
(deg) 
0.43332 
181 . 89728 


Arrival 
True Anom 
(deg) 

143.83732 
304 . 67054 


Perihelion 

(AU) 

0 . 9979979 
0 .914 64 95 


Aphelion 

(AU) 

1.7926249 

1.5577261 


Altitude 

(km) 

800.00000 

800.00000 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Inclinat ion 
(deg) 

51 . 60000 
51 . 60000 


Delta V 
( km/sec) 
1.35434 
1.35434 


Declination Rt Ascension X Dot Y Dot Z Dot 

(deg) (deg) (km/sec) (km/sec) (km/sec) 

13 73068 61.98002 0.62009 1.16034 0.32146 

45 27230 33.35667 0.79609 0.52406 0.96220 


MISSION OPERATIONS 


r'imes (days) 

Depart/Arrive 

Flight/Stay 

Esc/Cap Orbits (radii) 
Apoapse Distance 
Periapse Distance 

Spacecraft Distances (AU) 
Minimum Heliocentric 
Maximum Heliocentric 
Geocentric 

Maneuvers 

Propulsion Type 
Vinf (km/sec) 

Eff Delta-V (km/sec) 

Vel Losses (m/sec) 
Propellant (kg or t) 
Burn time (hr) 

Thrust (lbs or klbs) 
Spec Imp (sec) 

Mass Changes (kg or t) 

Dry Stage Jettisoned 
Probes Separated 
AeroBrake Separated 
Drop Mass Left 
Sample Mass Added 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

0.00 


201.52 

717.94 


917.94 


201.52 

516. 

.42 

200.00 


12.09 


0.00 

10.95 


0.00 

1.13 


0.00 

1.07 


0.00 


0.9979 



1.0040 



1.6649 



1.5574 


0.0000 


1.4313 

1.6690 


0.0000 

Vloss 


None 

Vloss 


None 

4.29 


5.02 

3.82 


6.81 

1.35 

0.00 

0.00 

1.56 

0.00 

0.00 

55.30 


0.00 

15.03 


0.00 

30.59 

0.00 

0.00 

15.64 

0.00 

0.00 

0.35 


0.00 

0.17 


0.00 

24.75 


0.00 

24.75 


0.00 

463.4 


0.0 

442.1 


0.0 

6.00 


0.00 

6.30 


0.00 



PERFORMANCE SUMMARY 


U-lded C>3 3 


1 Converged } 


Stay Time 
(da ys ! 

Depart 



Arrive 





Earth 

OCT 14, 2024 , 
Julian 

12.0000 hours GMT 
Date 60598 . 000C 

Mars 

MAY 

3, 2025, 8.1684 hours GMT 

Julian Date 60198.8362 

2 ■- ■ - 

515. 1053 

Mars 

SEP 30, 2026, 
Julian 

10.5946 hours GMT 
Date 61313.9414 

Earth 

APR 

18, 2027, 10.5946 hours GMT 

Julian Date 61513.9414 



Total Duration 


SPACECRAFT MASS SUMMARY (kg or t } 


Depart Arrive 


Leq 

Initial 

Engine 

Propell 

Tankage 

Engine 

Propel 1 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples 

NetMass 

n 

118.695 

51.693 

6.000 

6.300 

30.590 

15.635 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

23.558 

13.100 

0.000 

0.000 

0.000 

o . cco 
0 . 000 

t . 200 


DEPARTURE/ARRIVAL CONDITIONS 


Depart Arrive 


Leg 

V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

V Inf 

Decl 

Rt Asc 

Brn Tm 

Dei V 

VLoss 


( km/sL. 

(deg) 

(deg) 

(min) 

( km/s ) 

(m/s) 

( km/s ) 

(deg) 

(deg) 

(min ) 

( km/ s j 

m/s 


: 4. 2 9200 J 

45.17 

102.84 

21.045 

1 . 354 34 

55.296 

4 .96471 

-26.65 

233.31 

0.000 

0.00000 

3.000 

2 

"TT 2 T 06 

15.24 

49.80 

10.262 

1.56167 

15.033 

f6. 81300} 

-1.78 

11.02 

0.000 

0.00000 

3.000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


-eg 

Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 

(AU) 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

days ; 

1 

1.3921562 

0.283763916 

2.74 406 

21.32581 

357.45764 

2.51223 

144.51343 

0. 9971125 

1.7871999 

599. 9 7 1 1 4 

2 

1.2361878 

0.260104696 

1.27868 

27.87954 

235.25054 

181.89727 

304 . 67053 

0.9146495 

1 . 5577260 

522.02469 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

2 Dot 

(km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/sec ;■ 

( km/ sec f 

( km/sec ) 

800.00000 

51.60000 

1.35434 

12.58702 

60.16505 

0.65760 

1 . 14660 

0.29514 

800.00000 

51.60000 

1.35434 

45.95496 

30.74266 

0.80925 

0 . 49131 

0.97349 


MISSION OPERATIONS 



Earth 



Mars 


Earth 


Dep 

Heiio 

Arr 

Dep 

Heiio 

Arr 

Times (days) 







Depart/Arri ve 

0.00 


200.84 

715.94 


915.94 

Flight/Stay 


200.84 

515.11 

200.00 


Esc/Cap Orbits (radii) 







Apoapse Distance 

12.09 


0.00 

10.95 


0.00 

Periapse Distance 

1.13 


0.00 

1.07 


0.00 

Spacecraft Distances (AU) 







Minimum Heliocentric 


0. 9973 



1.0040 


Maximum Heliocentric 


1. 6647 



1.5574 


Geocentric 

0.0000 


1.4434 

1.6690 


0.0000 

Maneuvers 







Propulsion Type 

Vloss 


None 

Vloss 


None 

Vinf (km/ sec) 

4.29 


4.96 

3.82 


6.81 

Eff Delta-V (km/sec) 

1.35 

0.00 

0.00 

1.56 

0.00 

0.00 

Vel Losses (m/sec) 

55.30 


0.00 

15.03 


0.00 

Propellant (kg or t) 

30.59 

0.00 

0.00 

15.64 

0.00 

0.00 

Burn time (hr) 

0.35 


0.00 

0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 


0.00 

Spec Imp (sec) 

4 63.4 


0.0 

442.1 


0.0 

Mass Changes (kg or t ) 







Dry Stage Jettisoned 

6.00 


0.00 

6.30 


0.00 

Probes Separated 




17.31 


23.56 

AeroBrake Separated 




13.10 


0.00 

Drop Mass Left 




0.00 


0.00 

Sample Mass Added 




0.00 


0.00 



PERFORMANCE SUMMARY 


. • -• , . ;; vr<- : Lead ed Case 

> I : Conve rqed ! 


“■v/ Time 
'days' 

Depart 




Arrive 



5i," 


Earth 

OCT 

1 6 , 2024, 
Jui ian 

12.0000 hours GMT 
Date 60600.0000 

Mars 

MAY 

6, 2025, 22.6365 hours GMT 
Ju liar. Date 60002.4 4 3 .3 

- ‘ ■ 4 : ■ - 

311.4982 

Mars 

SEP 

30, 2026, 
Julian 

10.5941 hours GMT 
Date 61313.9414 

Earth 

APR 

18, 2027 , 10.5941 hours GMT 

Julian Date 61513.9414 

.^ 0^03 








Total Duration 

j * T 4 1 4 


SPACECRAFT MASS SUMMARY (kg or t ) 


Leg 

Initial 

Engine 

Depart - 
Propel 1 

Tankage 

Engine 

Arrive - 
Propel 1 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

Samples NetMass 

1 

118 . 695 
51.693 

6.000 

6.300 

30.590 

15.635 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

23.558 

13.100 

0.000 

0.000 

0.000 

0 . 0 0 0 51.693 

0.000 6.200 


DEPARTURE /ARRIVAL CONDITIONS 


Depart 


.eg v Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km/sL_ 

(deg) 

(deg) 

(min) 

( km/s ) 

(m/s ) 

1 H .292007 

44 .94 

99.34 

21.045 

1.35434 

55.296 

2 3.82106 

15.24 

49.90 

10.262 

1.56167 

15.033 


V Inf Dec! 
( km / s ) (deg) 

4 .78347 -26.46 

[6 .81300] -1.70 


Arrive 

Rt Asc Brn Tm 

ideg) (min) 

233.63 0.000 

11.02 0.000 


Del V 

VLoss 

( km/ s : 

; m / s : 

0.00030 

C.OOC 

0.00000 

0 . 000 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

Departure 
True Anom 

Arrival 
True Anom 

Perihelion 

Aphelion 

<AU) 

(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

1.3834420 

0.280110268 

2.68532 

23.31126 

354.96198 

5.00510 

146.60265 

0.9959257 

1 .7709583 

1.2361877 

0.260104676 

1.27869 

27.87954 

235.25053 

181.89726 

304 . 67053 

0 . 914 6495 

1.5577259 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dct 

Y Dot 

2 Dot 

(km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/sec) 

{ km/ sec) 

{ km/ sec) 

800.00000 

51 . 60000 

1.35434 

12.05664 

57.06835 

0 . 72003 

1.11165 

0.28289 

800.00000 

51 . 60000 

1.35434 

46.26018 

27.27353 

0.83227 

0.42908 

0.97849 


MISSION OPERATIONS 



Earth 



Mars 



Earth 


Dep 

Helio 

Arr 


Dep 

Helio 

Arr 

Dines (days) 








Depart/Arrive 

0.00 


202.44 


713.94 


913.94 

Flight/Stay 


202.44 

511.50 


200.00 


Esc/Cap Orbits (radii) 








Apoapse Distance 

12.09 


0.00 


10.95 


0.00 

Periapse Distance 

1 . 13 


0.00 


1.07 


0.00 

spacecraft Distances (AU) 








Minimum Heliocentric 


0.9968 




1.0040 


Maximum Heliocentric 


1.6640 




1.5574 


Geocentric 

0.0000 


1 .4764 


1.6690 


0.0000 

Maneuvers 








Propulsion Type 

Vloss 


None 


Vloss 


None 

Vinf (km/sec) 

4.29 


4 .78 


3.82 


6.81 

Eff Delta-V (km/sec) 

1.35 

0.00 

0.00 


1.56 

0.00 

0.00 

Vel Losses (m/sec) 

55.30 


0.00 


15.03 


0.00 

Propellant (kg or t) 

30.59 

0.00 

0.00 


15.64 

0.00 

0.00 

Burn time (hr) 

0.35 


0.00 


0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 


24 .75 


0.00 

Spec Imp (sec) 

463.4 


0.0 


4 42.1 


0.0 

Mass Changes (kg or t) 








Dry Stage Jettisoned 

6.00 


0.00 


6.30 


0.00 

Probes Separated 




17.31 



23.56 

AeroBrake Separated 




13.10 



0.00 

Drop Mass Left 




0.00 



0.00 

Sample Mass Added 




0.00 



0.00 



i:-f : :, r , )'Url Case 

rGPf* verged) PERFORMANCE SUMMARY 


Stay Tine 
(days j 

Depart 




Arrive 




Earth 

OCT 

19, 2024, 
Julian 

12.0000 hours GMT 
Date 60602.0000 

Mars 

MAY 15, 

2025, 13.9983 hours GMT 
Ju 1 i an Date 60911.0791 

502.8623 

Ma rs 

SEP 

30, 2026, 
Jul ian 

10.5936 hours GMT 
Date 61313.9414 

Earth 

APR 18, 

2027, 10.5936 hours GMT 

I u 1 i a n Date 61513.94 14 


Total Duration 


SPACECRAFT MASS SUMMARY (kg or t) 


Depart Arrive 


Leg 

Initial 

Engine 

Propel 1 

Tankage 

Engine 

Propel! 

Tankage 

Inert 

Probes 

AeroBrk 

Drops 

*1 

119.695 

51.693 

6.000 

6.300 

30.590 

15.635 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

17.312 

23.559 

13. 100 
0.000 

0 . 300 
0.000 



DEPARTURE /ARRIVAL CONDITIONS 


Depart 


V Inf 

Decl 

Rt Asc 

Brn Tm 

Del V 

VLoss 

( km / s i — . 
! 4 - 2 92Q_dJ 

(deg} 

45.10 

(deg) 
94 . 13 

(min) 

21.045 

(km/s) 
1 . 35434 

(m/s) 

55.296 

3.82106 

15.24 

49.80 

10.262 

1.56167 

15.033 


V Inf Decl 
(km/s) (deg] 
4 . 35801 -26.85 

.TT81300] -1.78 


Arrive 

Rt Asc Brn Tm 

(deg) (min} 

233.76 0.000 

11.02 0.000 


Del V 
( km/ s ■■ 
O.OOCOC 
0 .OOOQC 


oss 


C . C 0 C 


HELIOCENTRIC TRANSFER ORBIT ELEMENTS 


Departure Arrival 


eg 

Semi-Axis 

Eccentricity 

Inclination 

Asc Node 

Arg Per 

True Anom 

True Anom 

Perihelion 

Aphelion 

Period 


(AU) 


(deg) 

(deg) 

(deg) 

(deg) 

(deg) 

(AU) 

(AU) 

(cays i 


1 .3650918 

0.271865766 

2.70347 

25.29803 

351.67753 

8.28769 

151.66367 

0.9939701 

1.7362135 

592 . 56 j" 3 

: 

1.2361876 

0.260104655 

1.27868 

27.87954 

235.25052 

181.89725 

304.67052 

0.9146495 

1.5577258 

502.22461 


LAUNCH DELTA V ORIENTATION - PLANETOCENTRIC 


Altitude 

Inclination 

Delta V 

Declination 

Rt Ascension 

X Dot 

Y Dot 

Z Dot 

(km) 

(deg) 

( km/sec) 

(deg) 

(deg) 

( km/ sec) 

(km/sec) 

( km/ sec) 

800.00000 

51 . 60000 

1.35434 

12.46738 

51.54822 

0.82234 

1.03562 

0.29238 

800.00000 

51 . 60000 

1.35434 

46.02445 

22.03937 

0.87167 

0. 352B7 

0.97463 


MISSION OPERATIONS 



Earth 



Mars 


Earth 


Dep 

Helio 

Arr 

Dep 

Helio 

Arr 

Lmes (days) 







Depart/Arrive 

0.00 


209.08 

711.94 


911.94 

FI ight/Stay 


209.08 

502.86 

200.00 


sc/Cap Orbits (radii) 







Apoapse Distance 

12.09 


0.00 

10.95 


0.00 

Periapse Distance 

1.13 


0.00 

1.07 


0.00 

pacecraft Distances (AU) 







Minimum Heliocentric 


0.9962 



1.0040 


Maximum Heliocentric 


1.6620 



1.5574 


Geocent ric 

0.0000 


1.5541 

1.6690 


0.0000 

aneuvers 







Propulsion Type 

Vloss 


None 

Vloss 


None 

Vinf (km/sec) 

4.29 


4.36 

3.82 


6.81 

Eff Del ta-V (km/sec) 

1.35 

0.00 

0.00 

1.56 

0.00 

0.00 

Vel Losses (m/sec) 

55.30 


0.00 

15.03 


0.00 

Propellant (kg or t) 

30.59 

0.00 

0.00 

15.64 

0.00 

0.00 

Burn time (hr) 

0.35 


0.00 

0.17 


0.00 

Thrust (lbs or klbs) 

24.75 


0.00 

24.75 


0.00 

Spec Imp (sec) 

4 63.4 


0.0 

442.1 


0.0 

r ass Changes (kg or t) 







Dry Stage Jettisoned 

6.00 


0.00 

6.30 


0.00 

Probes Separated 




17.31 


23.56 

AeroBrake Separated 




13.10 


0.00 

Drop Mass Left 




0.00 


0.00 

Sample Mass Added 




0.00 


0.00 



REPORT DOCUMENTATION PAGE 

Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response including the time for reviewing instructions searching existing data sources gathering 
and maintaining the data needed and completing and reviewing the collection of information Send comments regarding this burden estimate or any other aspect ot this collection of 
information, including suggestions for reducing this burden to Washington Headquarters Services. Directorate for Information Operations and Reports. 1 21 5 Jefferson Davis Highway, Suite 
1 204 Arlington VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 

1 AGENCY USE ONLY (Leave blank) 

2. REPORT DATE 

October 7, 1 999 

3 REPORT T 

May 7, 

YPE AND DATES COVERED 

1999 to Sept 30, 1999 


Human Mars Mission Study Support 
“Launch Window from Earth Orbit" 


6. AUTHORS 

Archie Young 


H-28653D 
(Part I) 


7 


PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 


Alpha Technology, Inc. 

3322 South Memorial Parkway, Suite 213 
Huntsville, AL 35801 

SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 


10 . 


PERFORMING ORGANIZATION 
REPORT NUMBER 

None 


SPONSORING/MONITORING AGENCY 
REPORT NUMBER 


NASA/MSFC TD31/Mr. Larry Kos 
MSFC, AL 35812 




1 1 SUPPLEMENTARY NOTES 

Final Report Required by the Contract. 


12a. DISTRIBUTION/AVAILABILITY STATEMENT 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 


14. SUBJECT TERMS 

Human Mars Mission Study Support 

15. NUMBER OF PAGES 

49 

16. PRICE CODE 

17 SECURITY CLASSIFICATION 

18 SECURITY CLASSIFICATION 

19. SECURITY CLASSIFICATION 

20. LIMITATION OF ABSTRACT 

OF REPORT 

OF THIS PAGE 

OF ABSTRACT 


Unclassified 

None 

None 



NSN 7540-01-280-5500 


Computer Generated 


STANDARD FORM 298 (Rev 2-89} 
Prescribed by ANSI Std 239-18 
298-102 




